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The  Waterways  Experiment  Station  developed  and  constructed  a set  of  field  CBR  equipment 
which  was  given  extensive  field  use  in  several  large-scale  tests.  Field  tests  were 
compared  with  laboratory  undisturbed  tylinder  tests  and,  in  general,  good  correlation 
waa  found  to  exist.  Since  its  development,  this  equipment  has  undergone  periodic 
improvements.  Improvements  have  included  reduction  in  weight,  simplification  o.  -r.e 
swivel,  addition  of  a higher  speed  gear,  and  addition  of  level  bubble.  It  is  anticipated 
that  the  jack  will  be  further  simplified  by  replacing  the  present  machined  housings  with 
east  aluminum  housings.  This  equipment  and  its  use  in  field  testing  are  described. 
Photographs  and  detailed  drawings  illustrating  this  equipment  are  also  Included. 
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It.  SUPR^SMENTARY  NOTES 


la.  SPONSORING  MII.ITARY  ACTIVITY 


The  in-place  density  determination  on  any  type  of  base  course  or  subgrade  materials  may 
•be  made  by  the  sand-displacement  method.  Density  determinations  on  moist,  cohesive  fine- 
grained materials  may  also  be  cade  by  the  drive  cylinder  method.  Determinations  by  oil- 
displacement  are  not  considered  because  the  residual  oil  and  spillage  have  a tendency  to 
soften  asphaltic  concrete.  The  sand-displacement  and  drive  cylinder  methods  are  described 
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This  report  shows  how,  beginning  with  the  pattern  for  the  low  CSR  range,  the  combined 
CBR  curve,  supplemented  by  related  information  and  .iudgmenm,  can  be  used  to  extend 
single-wheel  relations  into  the  high  CER  range.  It  also  shows  how,  by  the  use  of 
equivalent  single-wheel  loads,  the  single-wheel  design  criteria  can  be  applied  to  any 
multiple-wheel  configuration.  Finally,  means  are  indicated  for  further  extending  either 
single-  or  multiple-wheel  design  criteria  to  criteria  for  intense  usage  or  for  various 
levels  of  limited  usage  based  on  load  repetitions  (coverages) . An  appendix  provides  a 
detailed  example  of  the  method  by  which  theoretical  maximum  deflections  are  developed 
for  single-  and  multiple-wheel  assemblies  and  combined  to  establish  a relation  between 
multiple-  and  single-wheel  loads. 

I 
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U.  S.  Army  Materiel  Command 
Washington,  D.C.  20315 
— — 

This  report  describes  the  airfield  cone  penetrometer,  its  use,  and  the  application  of 
data  obtained -by  its  use.  The  report  Includes  information  which  will  assist  in  solving 
specific  traffic ability  problems.  Also  procedures  are  presented  for  using  the  airfield 
penetrometer  to" measure  soil  strength  and  for  correlating  soil  strength  with  the  number 
of  passes  that  can  be  made  by  aircraft  having  various  wheel  loads  and  tire  pressures. 
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Office,  Chief  of  Engineers.  U.  S.  Army 


This  method  of  test  is  intended  for  measuring  the  wearing  qualities  of  thin,  fine 
aggregate  bituminous  surfacings,  such  as  slurry  seals,  under  wet  abrasion  conditions. 
It  nay  also  be  used  for  design  purposes  to  establish  the  optimum  quantity  and  type  of 
binder  consistent  with  wear  resistance  of  the  surfacing. 
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The  purpose  of  this  report  is  to  describe  polypropylene-asphalt  surfacing,  shov  its 
capabilities,  and  set  forth  application  techniques.  The  report  includes  information 
as  to  personnel  and  equipment  requirements  for  installing  polypropylene-asphalt  sur- 
facing, exact  methodology  of  application,  and  procedures  for  airfield,  road,  and  other 
i subgrade  preparation.  Procedures  for  repair  of  damaged  polypropylene-asphalt  surfaced 
V areas  are  set  forth  along  with  storage  and  handling  pointers  for  the  surfacing  materials 
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U.  S.  Army  Materiel  Command 
Washington,  D.  C. 


This  report  presents  a description  of  XMI8  extruded  aluminum  airfield  landing  mat  and 
the  ancillary  items  that  are  used  with  it  and  outlines  procedures  for  the  installation 
and  replacement  of  the  mat  and  ancillary  items.  These  procedures  are  presented  as  a 
guide  for  the  user  in  the  theater  of  operations. 
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12.  SPONSONING  MILITARY  ACTIVITY 

U.  S.  Army  Materiel  Command 
Washington , D . C . 


This  report  presents  a description  of  XM19  sandwich-type  aluminum  airfield  landing  mat 
and  the  ancillary  items  that  are  used  with  it  and  outlines  procedures  for  the  instal- 
lation and  replacement  of  the  mat  and  ancill.ary  items.  These  procedures  aire  presented 
as  a guide  for  the  user  in  the  theater  of  operations. 
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landing  mat] 


DD  .'.srr. .1473 


Unc lassified 

^•oTrlty^uVsIficaUoA 


9 


•.  nC»OAT  DATC 

June  19T3 

Aa.  CPMTiiACron 

CHAM  r MO. 

^f«ojKer  MO. 

1G6c1;717DE01 

«. 

Task  10 

aL 

10.  ei»TMI«UTlOM  STATKM«mT 


Approved  for  public  release;  distribution  unlimited 


XAt*1 


12,  «»PNSOatM«  MiCtTAItV  ACTIVITY 

U.'  S.  Aray  Mpterlel  Cosnend 


The  purpose  of  this  appendix  Is  Co  furnish  inscallaclon  Inscruccions  for  placemen:  of 
^ the  XM19  special  surfacing  nat  when  Che  cacs  are  placed  In  conjuncclon  with  standard 
' XM19  z:ac.  (The  X:-il9  special  surfacing  Is  placed  only  In  Chose  critical  areas  of  a 
runway  which  are  idencified  as  the  hook  arresting  cable  areas).  All  nachods  of 
evaluation  and  oalncenance,  such  as  repair  of  anclskrd,  cleaning  and  bundling  panels 
for  reuse,  and  decemlnacion  of  mat  reusability,  which  are  not  described  herein,  are 
the  sane  as  similar  procedures  discussed  in  the  report  to  which  this  Is  an  appendix. 
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U.  S.  Air  Force  ■ 

This  manual  provides  information  and  guidance  for  the  design,  construction,  and 
maintenance  of  membrane-enveloped  soil  layers  (>381)  as  base  courses  on  airfields  in 
the  theater  of  operations  (TO).  It  is  not  intended  that  HESL-type  construction,  as 
defined  herein,  replace  the  conventional  method  of  using  select  materials,  such  as 
gravels,  crushed  rock,  etc.,  for  base  course  construction  when  these  materials  ara 
available.  However,  in  the  absence  of  conventional  base  course  marerials,  an  adequate 
runway  base  can  be  built  from  purely  fine-grained  soils  csing  the  techniques  of  RESL- 
type  construction  described  herein. 


KEYWORDS:  Airfields;  Base  courses;  Membrane  enveloped  soil  layer 
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This  manual  provides  instruction  and  guidance  for  the  design,  construction,  and 
maintenance  of  a landing  mat  overlay  that  can  be  built  over  a smooth  but  inadequate 
strength  pavement  or  over  a deteriorated  landing  mat  or  pavement  surface  in  order  to 
provide  a suitable  landing  facility  for  the  operation  of  tactical  aircraft. 
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I».  AAtTRACT 


This  report  presents  a method  of  rapidly  assessing  the  ability  of  an  area  to  support 
aircraft  operations.  The  method  involves  no  special  equipment  or  specially  trained 
personnel,  but  is  based  on  the  interrelation  of  the  response  of  ground  s'irfaces  of 
various  strengths  to  vehicular  and  aircraft  traffic.  Data  that  allow  the  forecasting 
of  the  ability  of  an  area  to  support  aircraft  traffic  are  tabulated  herein.  This 
ability  is  based  on  the  rut  depth  occurring  in  a soil  after  one  pass  of  a standard 
military  vehicle. 
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This  instruction  report  presents  a method  for  the  systematic  separation 
and  classification  of  used  panels  of  M(3A1,  AIG,  XMl8,  and  XM19  landing  mats  as  re- 
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cases  in  which  the  used  mat  is  not  suitable  for  airfield  surfacing,  suggested 
secondary  uses  are  presented. 
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Engineering  tests  have  been  conducted  at  WES  to  determine  methods  of  repairing  damaged  subgrades 
beneath  landing  mats  by  grouting  Use  of  Portland  cement  grout  consisting  of  Portland  cement,  CaCl2. 
water,  and  filler  is  effective  to  a limited  extent.  The  grout  can  be  pumped  through  l in.  diam  holes 
drilled  into  the  mat  by  use  of  a satisfactory  grout  pump.  Suggested  equipment  includes  a truck,  con- 
crete mixer,  air  compressor  and  pneumatic  drill,  grout  pump,  and  a water  truck. 
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U.  S.  Army  Materiel  Command 
Washington,  D.  C. 


This  manual  was  prepared  to  provide  guidance  for  engineer  construction  troops  and  any 
troops  of  the  field  Army  that  emplace,  maintain,  and  recover  the  XWI8  membrane  and 
accessories  in  support  of  aircraft  landing  facilities—specifically,  runways  in  thea- 
ters of  operations,  which  are  essential  for  supixart  of  military  airlift  operations. 
This  manual  provides  information  describing  the  XWI8  membrane  and  accessories . The 
techniques  and  construction  procediires  that  should  be  followed  during  placement,  main- 
tenance, and  recovery  of  the  membrane  surfacing  and  repair  and  maintenance  of  the  soil 
subgrade  are  expladned  in  detail.  The  number  of  personnel  and  the  amount  and  type  of 
equipment  required  to  complete  the  various  tasks  concerning  placement,  maintenance, 
and  recovery  of  the  membrane  surfacing  are  discussed.  This  manual  does  not  include 
detailed  information  concerning  landing  zone  criteria  for  cargo-type  aircraft,  as 
Tactical  Air  Command  (TAC)  Manuals  86-1  and  86-5  establish  these  criteria. 
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11.  SurrLEMCNTARY  NOTES 

12.  SPONSORING  MILITARY  ACTIVITY 

Office,  Chief  of  Engineers 
Washington,  D.  C. 

l».  A«»TP|A€T 


Present  canputer  techniques  for  determining  aggregate  blends  to  meet  a speci- 
fied grsidation  for  bituminous  pavement  mix  design  are  not  entirely  satisfactory. 

Often  aggregate  blends  must  still  be  optimi^.ed  by  trial-and-error  hand  cEJ.culations 
to  approximate  the  desired  gradation.  In  addition  to  gradation  limits  and  tolerances, 
there  are  limitations  for  the  amounts  of  particular  aggregates  to  be  used  in  a mix 
design  or  for  the  total  amount  of  fines  that  can  be  present  in  the  mix.  This  study 
was  undertaken  to  develop  the  logic  for  a computer  optimization  techniques  that 
would  blend  the  given  aggregates  to  conform  as  closely  as  possible  to  the  desired 
gradation  and  to  fall  within  the  specified  limits.  As  a result,  two  computer  pro- 
grams have  been  written  using  two  different  optimization  techniques  and  are 
presently  being  used  for  bituminous  pavement  mix  design  at  the  U.  S.  Arrny  Engineer 
Waterways  Experiment  Station  (WES).  Both  programs  satisfy  the  requirements  of  this 
investigation. 
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Office,  Chief  of  Engineers,  U.  S.  Army 
Washington,  D.  C. 


The  purpose  of  this  instruction  report  is  to  provide  information  and  guidance  for  the 
construction  and  maintenance  of  membrane-enveloped  soil  layers  (MESL)  as  base  courses 
on  roadways  in  the  theater  of  operations.  The  concept  involves  complete  encasement  of 
a compacted  layer  of  fine-grained  soil  by  a lower  and  upper  waterproof  membrane.  The 
upper  membrane  is  capable  of  supporting  limited  rubber-tired  traffic  operations.  It 
is  formed  by  applying  emulsified  asphalt  to  the  surface  of  the  soil  layer,  placing 
polypropylene  material,  applying  a second  coat  of  asphalt,  and  then  placing  a blotter 
layer  of  sand.  An  MESL  road  system  is  applicable  for  use  on  roadways  where  materials 
for  conventional  construction  of  foundation  layers  sure  not  available  without  consider- 
able expenditure  of  time,  effort,  or  money.  However,  use  of  the  MESL  concept  as  per- 
manent road  construction  practice  has  not  been  proved  feasible.  Construction  tech- 
niques for  roads  with  shoulders  utilize  the  in-place  roadbed  soil  in  the  MESL.  The 
process  Involves  removing  the  soil  and  stockpiling  it  on  the  shoulders,  placing  the 
lower  membrane,  replacing  the  soil  on  the  lower  membrane,  conpacting  the  soil  layer, 
and  then  installing  the  upper  wearing  membrane.  The  procedures  can  be  combined  to 
form  a continuous  train- type  construction  operation.  Construction  techniques  for 
roads  without  shoulders,  such  as  through  cuts  or  on  narrow  fills,  involve  working  with 
half  the  road  at  a time.  The  in-place  roadbed  soil  is  used  in  the  MESL.  Construction 
techniques  for  roads  on  soft  subgrades,  such  as  in  low-lying  areas  with  high  water 
tables,  are  based  on  hauling  a IocelI  soil  having  a suitable  water  content  and  using 
this  soil  in  the  MESL. 

KEYWORDS:  Base  courses;  Membrane  enveloped  soil  layers;  Rapid  road 

construction 
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j 

Maintenance  and  repair  of  gravel  and  other  miscellaneous  surfaces  is  required  more 
frequently  but  is  less  complicated  than  that  of  more  permanent  facilities.  Maintenance 
of  these  facilities,  due  to  their  traffic  and  water-susceptible  nature,  is  usually  a 
function  of  the  intensity  and  frequency  of  traffic  and  precipitation  to  which  they  are 
subjected.  Continuous  observance  of  the  basic  maintenance  and  repair  ideas  mentioned 
herein  should  result  in  facilities  that  will  perform  the  functions  for  which  they  were 
designed. 
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This  instruction  report  presents  a procedure  for  rapid  and  definitive  geometric  design 
and  evaluation  of  .military  roads  in  the  Theater  of  Operations.  Step-by-step 
procedures  are  presented  for  the  design  or  evaluation  of  a facility  based  on  the  num- 
ber of  vehicles  in  the  using  unit  or  units  or  on  the  number  of  tons  handled  daily 
by  the  using  activity,  thus  eliminating  field  counts  or  estimates. 
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to  perform  than  conventional  testa  and  requires  only  about  15  min  to  obtain  both  a 
density  and  moisture  test  result. 
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This  report  contains  Instructions  for  operating  a model  that  is  an 
automated  procedure  for  evaluating  designated  sites  as  helicopter  landing 
zones.  The  model  is  comprised  of  three  Independent  computer  programs  run 
sequentially. 

Program  1 (FTHEL)  evaluates  the  site  in  terms  of  generalized  conditions 
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of  slope,  microrelief,  and  soil  strength  as  related  to  the  requirements 
sot  by  certain  characteristics  of  the  helicopter  that  is  to  land.  The 
program  determines  whether  the  site  can  provide  a full-touch  zone,  a 
skid-touch  zone,  a nontouch  zone,  or  no  landing  zone  at  all,  and  com- 
putes the  minimum  departure  angle  for  the  specified  helicopter  if  a 
landing  zone  is  possible. 

Program  2 (FTJPRH)  is  an  automated  mathematical  procedure  for  pre- 
dicting the  size  and  shape  of  a clearing  in  a forested  area  by  considering 
blast  forces  from  a bomb  explosion,  tree  stem  strength,  stem  diameter,  and 
distance  from  ground  zero  (GZ),  the  center  of  the  explosion.  The  clearing 
is  described  by  a vegetation  profile  of  tree  remnant  height  versus  the 
distance  from  GZ. 

Program  is  (FTJPHL)  of  the  model  is  an  automated  procedure  for  evalu- 
ating a clearing  by  estimating  how  many  trees  must  be  removed  from  a 
clearing  produced  by  a high-yield,  air-dropped  munition  in  order  to  use 
the  clearing  as  a full-touch  helicopter  landing  zone.  The  output  is  the 
nsunber  of  tree  remnants  that  must  be  removed  to  satisfy  the  landing  -re- 
quirements of  a specified  helicopter. 

All  three  computer  programs  were  designed  and  written  for  use  on  a 
Honeywell  G-635  computer  system  equipped  with  extensive  time-sharing 
capability,  coded  in  FORTRAN  language,  and  run  in  conversational  mode  by 
means  of  a conventional  teletype  terminal.  Maximum  core  storage  for  any 
one  program  is  lOK  words. 

This  report  is  intended  to  serve  as  a guidebook  for  the  individual 
responsible  for  running  the  programs  and  requires  a working  knowledge  of 
computer  techniques  and  terminology  and  various  methods  pertinent  to 
data  processing. 
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This  report  presents  the  results  of  field  and  laboratory  investigations 
conducted  to  obtain  data  regarding  the  as-constructed  condition  of  newly 
constructed  pave.tents  at  Sewart  Air  Force  Ease  for  use  in  (a)  studies  of 
pavement  behavior  u..der  traffic,  and  (b)  studies  of  changes  that  occur 
in  subgrade  moisture  content  with  time.  These  data  were  collected  and 
recorded  for  future  use. 
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This  report  presents  the  results  of  field  and  laboratory  Investigations  conducted 
to  obtain  data  regarding  the  condition  of  pavements  at  Pope  Air  Force  Base  for 
use  in  studies  of  pavement  behavior  under  traffic. 
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This  report  presents  the  results  of  field  and  laboratory  investigations  conducted 
to  obtain  data  regarding  the  condition  of  pavemencs  at  Lavson  Air  Force  Base  for 
use  in  a comprehensive  study  of  pavement  behavior  under  traffic.  Lavson  Air  Force 
Base  vas  investigated  because  numerous  falliires  had  occurred  since  the  field  vas 
constructed  and  it  was  believed  that  a study  of  the  pavements  would  provide  useful 
basic  information  concerning  design  criteria. 
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This  report  presents  the  results  of  field  and  laboratory  investigations  conducted 
at  Ardmore  Air  Force  Base  to  evaluate  the  existing  flexible  pavements . The 
evaluation  is  to  be  combined  with  that  of  the  rigid  pav.;nents  prepared  by  the 
Rigid  Pavement  Laboratory,  Ohio  River  Division,  to  form  a complete  evaluation 
of  the  field. 
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This  report  presents  the  results  of  field  and  laboratory  inyesttgatlons  conducted 
to  obtain  data,  regarding  the  condition  of  pavements  at  Eglin  Air  Force  Base  for 
use  in  studies  of  pavement  behavicr  under  traffic.  The  field  had  received  traffic 
from  heavy  planes  and  a fev  areas  had  shown  distress.  One  runway  at  an  auxiliary 
field  was  also  tested  to  obtain  data  relative  to  pavement  behavior  and  to  re- 
evaluate the  pavement. 
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e MILITARY  ACTIVITY 


This  report  presents  the  results  of  field  and  laboratory  investigations  conducted 
to  obtain  data  regarding  the  conditions ■ of  the  paveaents  at  Bolling  Air  Force  Base. 
This  investigation  is  one  of  a series  for  use  in  a cotprehensivs  study  of  flexible 
pave.r.ent  behavior  under  traffic.  Bolling  Air  Force  Base  was  investigated  because 
numerous  failures  had  occurred,  beginning  soon  after  construction  and  continuing 
until  the  time  of  this  investigation,  and  it  was  believed  that  a study  of  the 
pavements  would  provide  useful  research  information  concerning  flexible  pavement 
design  .criteria. 
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This  report  presents  the  results  of  field  and  laboratory  investigations  conducted 
betveen  October  19**5-Ootober  1952  to  obtain  data  regarding  pavement  conditions 
at  Kirtland  Air  Force  Base.  Tnese  surveys  are  part  of  a series  of  research 
studies  of  the  relationship  between  pavement  conditions  and  its  behavior  under 
traffic. 
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The  purpose  of  this  Investigation  is  to  detemine  the  relation  between  vehicle 
loads  and  military  road  destruction,  and  to  develop  design  data  for  flexible 
pavements  subjected  to  traffic  caused  by  an  army  division  operating  for  periods 
of  10,  30,  and  I8O  days.  This  report  contains  a set  of  tentative  design  curves 
which  were  derived  from  existing  flexible  pavement  design  data.  The  tentative 
design  curves  have  not  beer,  verified  by  actual  traffic  tests. 
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The  tests  are  not  complete,  but  sufficient  testing  has  been  accomplished  together 
vith  other  tests  conducted  by  the  Ohio  River  Division  Laboratories  to  warrant  the 
development  of  tentative  curves.  This  report  presents  the  available  data  and 
tentative  curvts  derived  therefrom.  The  approach  to  the  problem  has  beer,  the 
sane  as  that  used  in  the  analyses  of  the  lemding  mat  tests  in  that  analyses 
have  been  made  to  show  the  reduction  tl.at  can  be  applied  to  existing  flexible 
pavement  design  curves. 
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Before  tentative  design  curves  based  on  the  earlier  studies  couii  be  issued,  sufficient  j 
testing  vas  accomplished  in  the  validation  test  program  t.o  shov  uhat  tire  pressure  is  ! 
a major  factor  ir.  ceterminir.g  Ccsign  requirements,  end  that  the  curves  produced  by  the  ; 
constant  reductions  required  revision.  Approximately  50  percent  of  the  scheduled  test-  j 
ing  vas  completed  oy  31  December  1951.  and  an  analysis  of  the  results  is  presented  | 
herein,  including  tentative  curves  for  single-vheel  loads  on  M6  and  M8  mat.  | 
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The  purpose  of  this  aeaorandur:  is  to  record  pertinent  infomation  and  aakc  constructive 
criticism,  particularly  in  connection  with  the  three  tar  =ixes,  concerning  design, 
manufacture , and  placement  of  bituminous  mixtures  vhich  are  not  yet  in  large-scale  use 
but  are  scheduled  for  use  at  several  bases  in  the  United  States  and  at  the  Vatervays 
Experiment  Station  in  the  near  future. 
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The  pricary  purpose  of  the  survey  vas  to  detersine  r.omal  amounts  and  frequency  o- 
fuel  spillage  and  a realistic  ratio  of  traffic  to  spillage  on  a given  area. 
normal  amounts  rf  fuel  are  to  he  spilled  at  the  determined  frequency  on  one  tra:;ic 
lane  of  the  recently  constructed  tar-ruboer  test  section  at  the  Waterways  Exper^ent 
Station,  and  traffic  applied  as  required. 


KEYWORDS:  Jet  fuel  spillage  (Pavements);  Simulation;  Tc-st  procedures;  (Eglin,  I-tocDill, 

and  Pinecastle  Air  Force  Bases,  Florida) 
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Office  of  the  Chief  of  Engineers, 
Airfields  Branch,  Engineering  Division, 
Military  Construction 


All  data  on  shell  aggregate  that  are  available  at  the  Vfatervays  Experiment  Station 
to  date  are  summarized.  Presentation  and  dlacusslon  of  data  and  summary  of  present 
status  of  knovledge  are  given. 
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|>.  ABSTRACT 


Tests  on  Bsrcnix  v;ere  conducted  as  £.  jc.rt  of  the  current  naterisls  investigation 
of  the  Water.-ays  Bxperiner.t  Station.  Reports  on  sJjc  design  tests,  veatherin^ 
tests,  and  storage  of  Baronix  pcuder. 
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Some  data  have  recently  been  obtained  in  connection  with,  studies  of  the  effect  of 
Jet-fuel  spillage  on  bituminous  pavements  that  nay  be  significant  from  the  standpoint 
of  pavement  durability. 
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Report  describes  a study  of  the  over-all  adjustment  in  voids  criteria  required  vhen 
"bulk-impregnated"  specific  gravity  is  used. 
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Ohio  River  Division  Laboratories 


The  objectives  of  the  subgrade  preparation  were  to  process  the  subgrade  for  the  top 
6 to  8 in.,  adjust  the  moisture  content  as  required,  and  compact  with  a rubber-tired  .. 
roller  to  obtain  a uniform  subgrade  having  a CBR  of  from  2 to  1 per  cent  within  the  top 
6 in.  These  objectives  were  accomplished  by  the  following  operations:  a.  Removal 

of  the  top  overburden  and  unsuitable  materials,  b.  Cutting  and  filling  to  the  de-  . 
sired  subgrade  elevation,  c.  Processing  by  adding  water  and  mixing  with  pulvimixer. 
d.  Compacting  with  rubber-tired  roller.  Water  content,  density,  in-place  CBR,  and 
cone  penetromuter  tests  were  made  during  and  after  construction. 
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Continued  study  has  been  in  progress  since  the  adoption  of  the  CBR  design  procedures, 
although  no  revisions  to  the  design  curves  have  been  published  as  of  March  1951.  Cor- 
relation of  service  behavior  data  with  the  cun-es  has  been  in  progress  fro=  the 
, earliest  date.  Separate  studies  since  that  time  have  been  made  and  prepared  in  the 
form  of  letter  reports  to  the  Office,  Chief  of  Engineers.  These  reports  have  been 
collected  and  published  in  this  volume  in  order  to  make  them  more  readily  available. 
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lO  TEA 

la.  ypoNaoRiNC  militawt  activity 

U.  S.  Army  Engineer  District,  Mobile 

A representative  of  the  WES,  at  the  request  of  the  Mobile  District  Office,  vas  present 
for  the  experimental  field  work  conducted  during  the  period  15-19  March  at  Eglin 
Field  Ko.  9,  Florida,  in  connection  with  manufacture  end  placement  of  an  asphaltic 
concrete  binder  course  mix  containing  reef  shell  aggregate.  Trial  runs  both  with 
and  without  inclusion  of  asphalt  end  placement  of  a number  of  small  test  sections  had 
been  undertaken  during  previous  weeks,  but  the  in-place  gradation  as  established 
by  laboratory  nix  design  had  not  been  met  because  of  breakage  of  the  shell  aggregate 
in  the  production  and  laydown  processes.  The  purpose  of  this  paper  is  to  record  ob- 
servations of  the  Waterways  Experiment  Station  representative  during  this  period. 
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Military  Construction 
Office,  Chief  of  Engineers 
Department  of  the  Amy 


The  problem  is  to  determine  whether  or  not  the  use  of  a base  or  subbase  material 
having  a CBR  greater  than  that  required  for  the  proper  design  of  a pavement  layer 
will  permit  a reduction  in  the  thickness  required  for  that  layer  by  present  design 
criteria.  The  degree  of  protection  provided  the  subgrade  by  the  covering  layers 
should  be  evidenced  by  the  amount  of  vertical  movement  or  deflection  of  the  sub- 
grade  material  that  occurs  under  load.  Deflection  has  been  measured  and  the  re- 
sults published  for  a number  of  instances  in  which  test  sections  were  constructed 
and  tested.  For  this  reason  deflection  data  form  the  prlceipal  basis  for  this 
analysis. 
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It  was  desired  In  this  present  study  to  determine  how  nearly  this  bulk-iEpreenated 
test  procedure  simulates  the  prototype  from  the  standpoint  of  asphalt  penetration. 

A study  was  made,  by  microscopic  examination  of  cut  sections,  of  the  degree  of 
penetration  of  hot  asphalt  into  different  mineral  aggregates  of  varying  degr-ees  of 
porosity  and  void  sizes  under  varying  temperatures  and  conditions  of  mixing.  Tr.ese 
included  samples  from  an  actual  pavement,  samples  prepared  according  to  the  buli- 
Impregnated  specific  gravity  test  procedure,  and  samples  prepared  according  to 
certain  other  combinations  of  temperature  of  aggregate  and  asphalt.  Reports  pre- 
pared by  the  petrographer  who  made  the  examinations  are  included  in  this  report  as 
appendices  A and  B. 
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The  purpose  of  the  tests  svmmiarl zed  herein  vas  to  determine  the  effect  of  the  exhaust 
blast  on  pavements  and  to  measure  pavement  temperatures  during  operations  of  the 
P-IOOA  aircraft.  The  J57-P-7  propulsion  unit  of  the  F-IOOA  aircraft  develops  con- 
slderahly  higher  thrust  than  planes  previously  tested  and  is  equipped  vith  ar  after- 
burner. The  types  of  pavement  for  consideration  were  asphaltic  concrete,  tar-i-ubber 
concrete  (two  types),  and  portland-cement  concrete. 
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The  primary  purpose  of  the  investigation  was  to  determine  whether  formula  VL  would 
provide  an  adequate  protective  seal  for  asphaltic-concrete  pavement  that  is  subjected 
to  Jet- fuel  spi.llage.  Other  items  considered  were  whether  formula  VL  could  withstand 
limited  traffic  in  combination  with  fuel  spillage,  heavy  traffic  in  areas  not  sub- 
jected to  repeated  fuel  spillage,  and  Jet  blast. 
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This  report  presents  the  results  of  field  and  laboratory  investigations  conducted 
to  obtain  data  regarding  the  condition  of  pavement  at  Turner  Air  Force  Base  for  use 
in  a comprehensive  study  of  pavement  behavior  under  traffic.  Turner  Air  Force  Base 
vas  selected  because  it  would  furnish  Information  for  use  in  the  portion  of  the 
behavior  study  devoted  to  soil-cement  base  courses. 
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A series  of  condition  surveys  of  airfields  having  soil-cement  construction  was  in- 
stigated to  obtain  data  for  a study  of  means  of  improving  such  materials.  Moody 
Air  Force  Base  vas  one  of  the  fields  tested  in  this  series  because  its  facilities 
would  furnish  information  as  to  the  behavior  of  soil— cement  base  courses  under 
traffic. 
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It  vas  desired  to  make  a limited  investigation  of  the  addition  of  sodium  tetraphosphate 
to  the  lean  c3ay  found  on  the  WES  reservation  from  the  standpoint  of  its  effect  on 
compacted  density  and  on  strength.  Based  on  results  shown  in  a previous  report, 
initial  tests  were  made  with  the  addition  of  0.3  per  cent  sodium  tetraphosphaoe  by 
weight  of  dry  soil. 
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The  objective  of  this  study  is  to  establish  a siaple  index  to  the  construction  effort 
that  is  required  to  build  airfields  in  theaters  of  operations.  Such  an  index  will 
provide  aircraft  designers  with  a relative  concept  of  the  airfield  construction 
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This  report  presents  the  results  of  a study  of  data  obtained  in  investigations 
made  to  detcrnlne  the  distribution  of  stress  and  strain  in  a two-layer  elastic 
medium  on  which  a uniform  circular  load  was  acting.  Ihe  upper  layer  was  of 
ifinite  thickness  and  infinite  extent;  the  lover  layer  was  of  semi-infinite 
thickness  and  infinite  extent.  Both  layers  were  homogeneous  and  isotropic 
throughout . 
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The  studies  reported  herein  constituted  a part  of  a test  program,  designated 
Erercise  Skydrop  No.  1,  that  was  initiated  at  the  direction  of  Headquarters 
USAF  for  the  purpose  of  evaluating  the  proposed  criteria  so  that  official 
criteria  can  be  established  that  will  provide  the  minimum  standard  airstrip 
facilities  with  the  least  construction  effort  in  order  that  aircraft  may 
deliver  promptly  heavy  armament,  equipment,  personnel,  and  supplies  for 
further  development  or  expansion.  The  test  program  was  also  designed  to 
evaluate  the  adequacy  of  airborne-droppable  construction  equipment . 
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ITie  purpose  of  the  study  was  to  evaluate  the  perfoxiance  of  a Lockheed  Keptune  P2Y 
plane  on  unprepared  landing  strips.  The  P2V  is  a f/avy,  slngle-wheel-asse-uhly  (tri- 
cycle landing  gear)  plane  which  has  been  modified  by  the  Air  Force.  It  is  equipped  vi*. 
20:00  X 20  tires  on  the  main  landing  gears  which  can  be  operated  with  an  inflation 
pressure  of  about  50  psi  with  a gross  plane  load  of  80,000  lb,  of  which  35,000  lb  is 
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one  landing  and  take-off  operation  in  unprepared  areas.  The  main  items  being 
studied  are  minimum  runway  length  and  width  requirements,  minimum  subgrade  strength 
requirements,  and  the  degree  of  surface  roughness  that  can  be  permitted. 
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This  research  deals  with  the  mathematical  solutions  for  deflections  of  landing  mats 
under  concentrated  and  distributed  loads  and  supported  by  an  elastic  solid  founda- 
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related  problems  of  proper  specific  gravity  and  voids;  and  Cb)  effect  of  gradation 
on  voids.  It  appeared  desirable  to  procure  samples  of  this  material  and  conduct 
limited  tests  as  a part  of  the  bituminous  mix  design  research  work.  The  aggregates 
were  provided  by  Professor  Woods,  and  the  tests  were  conducted  in  October  1953. 
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This  paper  presents  two  procedures  for  preparing  families  of  voids  curves.  In  the 
first  procedure  curves  of  constant  values  for  both  per  cent  voids  total  mix  Cair 
voids)  and  per  cent  voids  filled  with  bitumen  are  overlaid  on  the  usual  unit  veight 
versus  asphalt  content  plot.  In  the  second  procedure,  curves  are  calculated  entirely 
on  a volumetric  basis. 
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12.  SPONSOniNC  MILITART  ACTIVITT 


The  purpose  of  this  review  is  to  summarize  briefly  the  investigations  to  date  of 
lignin  and  chrome-lignin  processes  for  soil  stabilization.  Although  many  earlier 
studies  are  summarized  heroin  as  background  material,  the  primary  basis  for  this 
review  was  the  extensive  research  conducted  by  Cornell  University  under  Engineer 
Research  and  Development  Laboratories  contract.  The  capabilities  and  limitations 
of  lignin  agents  as  well  as  major  equipment  deficiencies  are  discussed.  Sug- 
gestions for  further  work,  both  in  the  laboratory  and  in  the  field,  are  offered. 
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Calcium  acrylate  monomer  vhen  added  to  a soil  in  the  presence  of  water  and  an 
appropriate  catalyst  polymerizes,  holding  the  soil  grains  in  a cross-linied 
network  of  bonds.  Data  show  that  good  stabilization  can  be  achieved  by  this 
process  on  a wide  range  of  soils.  A soil  stabilized  in  this  manner  is  weakest 
and  moat  flexible  at  high  water  contents.  Large-scale  tests  indicate  that  the 
limitations  of  presently  available  construction  equipment  reduce  the  effective- 
ness of  the  chemical  in  field  treatment.  However,  the  results  are  considered 
sufficiently  promising  to  warrant  further  studj'  of  stabilizers  of  this  type. 
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The  properties,  uses,  construction  procedures,  desigii,  andi  field  performance  of 
soil-cernent , as  reported  by  several  agencies  in  the  Unite<2  States  and  in  Great 
Britain,  have  been  reviewed  and  the  field  performance  eval.uated  in  this  report. 
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Kie  purpose  of  this  review  Is  to  summarize  briefly  the  development  of  and  current 
practices  in  stabilizing  soils  with  bituminous  materials.  This  review  is  based  on 
the  extensive  literature  available  on  soil-bitumen. 
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The  purpose  of  this  review  is  to  summarize  existing  knowledge  of  the  theory  and 
practice  of  line-soil  stabilization  and  thereby  to  assess  the  potentialities  of 
lime  for  military  soil  stabilization  purposes.  The  information  presented  has  been 
obtained  from  available  literature  and  consequently  represents  a composite  of  the 
thinking  of  a number  of  investigators.  In  instances  where  apparently  divergent 
views  are  held,  both  sides  of  the  case  are  stated  with  no  attempt  made  to  resolve 
the  differences. 
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la.  3l*ON30mNC  Mlt-tTANV  ACTIVITY 


The  purpose  of  this  report  is  to  summarize  the  current  status  of  mixing  and  mixer 
‘development,  particularly  the  aspects  of  the  principles  employed  that  may  lead  to 
more  efficient  designs  and  techniques  for  incorporating  potential  stabilizers  in  wet, 
fine-grained  soils.  The  report  points  out  the  advantages  and  limitations  of  presently 
available  items  of  equipment,  discusses  factors  contributing  to  the  efficiency  of 
mixing,  and  presents  the  findings  of  laboratory  mixing  investigations.  It  is  hoped 
that  the  report  will  stimulate,  the  development  of  a mixing  apparatus  or  concept  that 
vill  Improve  the  soil-stabilization  construction  potential  of  the  military  forces, 
particularly  in  weak,  clay-type  soils. 
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The  Intent  of  this  reviev  is  to  s\:i3narize  availahle  information  published  in  the 
technical  literature  concerned  vith  the  influence  of  an  electrical  current  on  soil 
properties,  and  to  detenaine  the  practicability  of  electrical  methods  of  soil  soabi- 
lization  in  military  operations,  such  as  their  possible  application  in  stabilizing 
emergency  military  roads  and  airfields.  It  is  hoped  that  this  review  will  serve 
both  to  guide  and  to  stimulate  further  investigations. 
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ta.  SPONSORtNC  MILITARY  ACTIYITV 


This  report  presents  the  results  of  field  tests  of  a new  type  of  compaction  apparatus 
designated  the  impact  compactor.  The  tests  were  made  on  lean  clay  soil  for  which 
compaction  data  obtained  in  previous  studies  with  rubber-tired  and  sheepsfoot  rollers 
aie  available.  The  purpose  of  the  study  was  to  observe  the  behavior  of  the  impact 
compactor  and  determine  its  effectiveness  in  producing  high  densities .and  strengths 
in  the  lean  clay  soil.  The  study  consisted  of  (a)  construction  of  11  test  lanes, 
using  three  different  models  of  the  compactor,  (b)  testing  of  the  compacted  material 
for  Water  content,  density,  and  in-place  CSl,  and  (c)  comparison  of  the  compaction 
end  CBR  data  developed  with  the  impact  compactor  with  laboratory  data  and  field  data 
developed  with  other  types  of  compacting  equipment. 
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12.  M/L)7A»r  ACTIVITY 


Discusses  the  uses  and  limitations  of  the  two  most  videly  used  conventional  stabilizers, 
bitumen  and  Portland  cement,  and  the  tvo  most  promising  chemical  stabilizers  studied  by 
the  Army,  chrome-lignin  and  calcium-acrylate.  Finally,  a brief  discussion  is  pre- 
sented covering  the  more  promising  trends  of  present  and  future  developmental  vork. 
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IJ.  9P0N90AINC  MILiTAAY  ACTiVlTV  j 

t*.  *««TMACT 

Studies  conducted  by  the  Waterways  Experioent  Station  under  Project  No.  8-69-Ol<-OOlt , 
Criteria  for  Designing  Runways  Surfaced  with  Landing  ”at,  and  other  studies  assigned 
to  the  Waterways  Experiaent  Station  and  to  the  Ohio  River  Division  Laboratories  are 
producing  information  pertinent  to  the  construction  of  an  airhead.  These  studies 
are  discussed  under  the  following  subjects:  (a)  Criteria,  for  runways  surfaced  with 

landing  mats;  (b)  Criteria  for  cttisurfaced  runways;  (c)  Skydrop  No.  1,  Camp  Campbell; 
(d)  Ready  reference  handbook  on  airhead  construction;  Ce)  Eglin  Field;  (f)  Con- 
struction index. 


KEYWORDS:  Airfield  construction;  Landing  mat  construction;  Unsurfaced  airfields; 

[Camp  Campbell,  Clarksville,  Tenn.4.  Eglin  Field,  Valpariso,  Fla.] 
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• 6.  OTHER  REPORT  NO(S)  (Anf  oCAof  riumB«r«  ln«l  Bi«r  ^ 

CMt  fport) 


10.  DISTHIOUTION  »TATEUEnT 

Approved  for  public  release;  distribution  unlimited. 


It.  »UPPi.EMENTARY  NOTES 


la.  sroNSoRiNO  MfciTARV  AcriYirv 

Military  Construction 
Office,  Chief  of  Encineers 
partment  of  the  ,trcy 


The  tests  described  herein  vere  authorized  by  the  Office,  Chief  of  Engineers,  in 
letter  dated  lU  September  195**,  subject  "Jet-Fuel  Resistant  Coating,"  to  determine 
the  suitability  of  Congercote  as  a protective  seal  for  asphaltic-concrete  pavements 
subjected  to  Jet-fuel  spillage.  The  material  vas  first  called  "Weathercote"  but 
its  name  was  changed  by  the  manufacturer,  M.  V/eaver  Company  of  Cincinnati,  Ohio,  to 
"Congercote."  Tests  were  also  conducted  on  this  material  to  determine  the  effects 
of  high-pressure-tire  traffic  both  inside  and  outside  the  fuel-spillage  areas. 


KEYWORDS:  Jet. fuel  spillage  (Pavements);  Protective  coatings;  Seal  coats 
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Approved  for  public  release;  distribution  unlimited. 


11.  SUPPkfA'CNTART  NOTES 


OTE> 

la.  ».0N30niNG  MILITARY  ACTIVITY 

Military  Construction 
Office,  Chief  of  Engineers 

Department  of  the  Army 
Washington,  D.  C. 

A review  was  made  of  results  of  (al  laboratory  tests  made  by  the  South  Atlantic 
Division  Laboratories  (SADL)  in  connection  with  design  problems  at  Eglin  Air 
Force  Base,  Florida,  and  Brookley  Air  Force  Base,  Alabama,  (b)  field  and  labora- 
tory tests  made  by  the  Waterways  Experiment  Station  (WES)  on  a test  section  con- 
structed by  the  Navy  at  Pensacola  Naval  Air  Station,  Florida,  and  (c)  field  and 
laboratory  tests  made  by  the  WES  at  Keesler  Air  Force  Base,  Biloxi,  Mississippi, 
in  connection  with  a study  of  moisture  content  under  pavements.  In  addition,  a 
limited  series  of  laboratory  tests  was  conducted  to  supplement  the  field  and 
laboratory  data  mentioned  above.  The  results  of  the  review  and  the  limited 
series  of  laboratory  testa  are  presented  in  this  report. 


KEYWORDS:  Base  courses;  Sands;  Shells  (Construction  material);  [Brookley  AFB,  Ala.; 

Eglin  AFB,  Fla.;  Keesler  Air  Force  .Jase,  Biloxi,  Miss.;  Pensacola  Naval  ■ 
Air  Station,  Fla.] 
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The  mobile  materials  laboratory  M-2  is  a self-contained  soils,  bituminous,  and 
concrete  testing  laboratory  mounted  vlthin  an  insulated  semitrailer  van  uhich  can 
be  towed  by  a 5-ton  or  larger  truck-tractor.  The  van  contains  a lO-kw  engine  gen- 
erator, an  air-conditioning  unit,  and  a heating  unit.  The  laboratory  without 
dolly  weighs  26,6k0  lb;  the  dolly  weighs  2,600  lb.  The  objective  of  this  test  is 
to  determine  the  operational  suitability  of  the  mobile  materials  laboratory.  The 
test  will  encompass  the  following:  (a)  Phase  I,  transportability,  mobility,  and 

maneuverability;  (b)  Phase  II,  adequacy  of  testing  equipment;  (c)  Phase  III,  ade- 
quacy of  van  design  and  accessory  equipment;  Cd]  ITiase  F/,  adequacy  of  field  re- 
connaissance kits;  (e)  Phase  V,  adequacy  of  electronic  interval  timer. 


KEYWORDS:  Field  laboratories 
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la.  sronsorinc  military  activity 


The  trip  was  made  for  the  following  reasons:  Ca)  To  discuss  an  analysis  of  excessive 

deflection  observed  in  a 5l4-in.,  12-gage  corrugated  metal  drainpipe;  (b)  To  inspect 
the  special  pipe  installation  at  Hunter  AFB;  (o)  To  make  a general  condition  sur-/ey 
of  drainpipe  buried  beneath  airfield  pavements;  (d)  To  make  a general  condition  survey 
of  airfield  pavements  over  and  in  the  vicinity  of  buried  drainpipes;  (e)  To  determine 
if  there  is  any  evidence  that  live  load  deflection  of  flexible  corrugated  metal  pipe 
beneath  flexible  airfield  pavement  is  causing  deformation  of  the  flexible  pavement; 

(f)  To  locate  a site  for  future  loading  tests  where  simultaneous  measurements  of  the 
live  load  deflection  of  corrugated  metal  pipe  and  flexible  pavement  could  be  made 
under  B-U7  aircraft  loads. 


KEYWORDS:  Airfield  drainage;  Drainage  pipes;  Pavement  deflection;  [Hunter  Air  Force 

Base;  MacDill  Air  Force  Base;  Pinecastle  Air  Force  Base] 
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Approved  for  public  release;  distribution  unlimited. 


t|.  SuP  PkEMCM  r A RT  NOTES 


IS.  SRONJORINC  MIUITARV  ACTIVITY 


Report  describes  a preliminary  laboratory  investigation  to  determine  the  suitability 
of  chrome-lignir.  as  a stabilizing  agent  for  Vicksburg  loess  soil.  Since  the  chrome- 
U.gnln  used  In  this  study  had  been  stored  at  Ft.  Belvoir,  Va.,  for  a long  period  of 
time  and  required  grinding  prior  to  use,  the  "potency"  or  stabilizing  capacity  of 
the  chemical  was  subject  to  question.  Consequently,  this  investigation  was  limited 
primarily  to  evaluation  of  the  .chemical  quality  of  the  stabilizing  agent  prior  to  the 
performance  of  more  extensive  laboratory  studies. 


KEYWORDS:  Chemical  soil  stabilization;  Loess 
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It.  ,UPeUCl>.CMTAftV  NOTCf 


...  SPOHtOniNO  MILITARY  ACTIVITY 


t».  ABSTRACT 


Recent  studies  of  the  effects  of  large  organic  cations  on  altering  certain 
properties  of  soil  have  indicated  the  potentialit'es  of  these  compounds  as 
stabilizing  agents.  This  Investigation  was  conducted  to  gain  further  info 
on  the  suitability  of  such  additives  for  use  by  the  dorps  of  Engineers.  L 
tests  were  raadc  of  Vicksburg  loess  soil  treated  with  various  amounts  of  a 
ammonium  salt  to  determine  moisture  adsorption,  density,  and  strength  of  th 
specimens.  Test  results  showed  that  the  air-dried  strength  of  the  treated 
significantly  less  than  that  of  the  untreated  soil;  however,  the  rewet  str 
water  absorption,  swelling,  shrinkage,  and  slaking  characteristics  were  Ir,- 
An  optimum  admixture  for  maximu-m  effectiveness  of  the  additive  was  found, 
necessity  for  appreciable  drying  of  the  treated  soil  before  any  improvemor.' 
stabilization  is  effected  precludes  the  use  of  this  admixture  in  the  field 
the  improvement  realized  in  many  soil  characteristics  suggests  that  furthe: 
gat  ion  of  fatty  quaternary  ammonium  compounds  of  this  type  as  soil  stabili 
be  desirable. 


KEYWORDS:  Chemical  soil  stabilization;  Loess 
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II.  .U..LCMCNTANY  NOTE. 


la.  fPONfONIMO  W.LITANT  ACTIVITY 

Military  Construction 
Office,  Chief  of  Engineers 
Department  of  the  Army 
Washincton.  D.  C. 


The  cooperative  study  reported  herein  is  a report  on  the  study  of  the  problem  of 
specific  gravity  of  aggregates  for  bituminous  pavements  that  the  Corps  of  Engine 
has  been  engaged  in  for  several  years.  Some  of  the  previous  results  are  include 
in  this  report  for  background  information,  but  this  paper  is  mainly  concerned  vi 
the  cooperative  tests  engaged  in  by  the  Flexible  Pavememt  Laboratory  and  nine  di 
and  division  laboratories  for  the  purpose  of  evaluating  the  proposed  test  proced 
_that  had  already  been  established  and  making  any  modifications  that  appeared  ne: 
as  a result  of  the  cooperative  tests.  From  these  tests,  it  appeared  that  the  si 
and  best  procedure  to  use  as  standard  for  the  test  would  specify  65-IOO  penctrat 
asphalt  for  the  test  fluid  without  regard  to  source,  and  2-min  hand  stiring,  eli: 
Dating  the  external  vibration  which  is  now  permitted.  It  appeared  that  duplicat 
determinations  should  check  with  O.OL. 


J ^ _ 


rples 

on 


XETVORDS;  Aggregate  tests;  Asphalt  mix  design;  Bitumens;  Flexible  pavement  design 
(Airfields);  Specific  gravity;  Voids 


DD  /.2rr..l473 


R«RcAC«f  00  rORM  «49».  \ jAN  M.  WHICH  !• 


Uninlasslficd 


••cwrity  CU«aUic«Uon 


90 


/ 


POCUMCUT  CONTROL  DATA  • R & D . 

fS^eufllf  tt*t»Ule*lletn  of  tlil»,  t^oay  of  «6ifr«tf  one/  fn</««(n^  onneforfon  rr>u$t  60  wft^n  f/io  ovroff  f*pnft  ft 

».  OHICU4A  1 ING  *c  t'i  V»T>  (Cofpt»r«f#%u</l«ry  Jo,  MKPOnT  JCCuniTV  C L **0I  ^ iC  A T tON 

Unclassified 

U.  S.  Army  Kneinec-r  Waterways  Experiment  Station  ,i.~<n»oup 

Vicksburg,  Mississippi 

BtPC'RT  TITLE 

SPECIFIC  GRAVITY  AIID  VOIDS  REIATIOUSillPS  IH  BITUMIiiOUS  PAVK-EUT  MIX  DESIGH 


I 4.  ocsCfilPTtvL  NOTC9  (Typ*  of  roporl  ond  Incluafvo  doloo^ 


[ 4.  41,/ THOft<9f  ^AV^of  nooio,  mtidJl*  fnffi«J,  f«of  noaio> 


John  L.  McRae 


«.  RCPORT  OATC 

March  1956 

44.  ^onthact  or  grant  noT 


70.  TOTAL  NO.  OF  PAGE*  76.  NO.  OF  PCF* 

7 

to.  OftlCINATOR’k  REPORT  NU*>CBGn(t| 


h,  PROJECT  NO. 


Miscellaneous  Paper  No.  U-I6P 


to.  OitTRIBUTION  tTATCMCNT 


I #6.  OTHER  REPORT  ’lOt*l  (Aj  / ethor  nuoi6«r«  CRot  m/  6o  ottf^ntd 
j/i/«  report) 


Approved  for  public  release;  distribution  unlimited. 


I t|.  SoPPLEMCNt  ART  NOTES 


112.  SPONSORING  MILITARY  ACTlYtTY 


This  paper  discusses  the  basic  problem  of  specific  gravity  of  aggregates  for  use  in 
calculating  voids  in  bitu-minous  mixes,  the  application  of  the  calculated  voids  data, 
and  a new  approach  in  bituminous  pavsment  design  being  developed  by  the  Flexible 
Pavement  Laboratory,  Soils  Division,  of  the  Waterways  Experiment  Station  which  may 
eliminate  the  necessity  for  voids  calculations. 
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t».  ACSTRACT 

Visual  observations  have  been  recorded  on  specimens  of  bituminous  pavements  exposed 
to  the  weather  at  the  Waterways  Experiment  Station  for  periods  of  four  months  to 
el^t  years.  The  effects  of  weathering  on  durability  of  pavement  specimens,  in 
which  composition  or  certain  elements  in  the  specimen  preparation  procedures  were 
varied,  were  observed.  The  following  were  studied  as  to  their  effect  on  the  speci- 
mens: (a)  varying  penetration  of  asphalt,  (h)  varying  crudes  from  which  the  asphalts 

were  refined,  (c)  method  of  refining  asphalts,  (d)  aggregate  gradation,  (e)  compaction, 
(f)  asphalt  content,  (g)  compaction  temperature,  (h)  type  of  bitumen,  and  (i)  type  and 
quantity  of  filler.  Cracking  of  the  specimens  has  been  the  most  prevalent  effect  of - 
weathering  and  aging.  In  some  instances,  the  specimens  have  deformed  because  of  cold-., 
flow  and  lack  of  lateral  support.  Spalling  and  erosion  have  occurred  on  specimens 
aged  for  long  periods . There  is  evidence  that  certain  properties  such  as  bitumen 
content,  gradation  of  aggregate,  &.nd  compaction  effort  are  related  to  durability  of 
pavements;  however,  it  is  not  believed  that  the  weathering  data  Included  in  this  re- 
port are  exhaustive  enough  to  warrant  final  conclusions  at  this  time. 
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12.  SHOmSORINC  MlUtTANV  ACTIVITY 


Report  No.  1 of  this  series,  dated  Hay  1956,  contained  data  on  specimens  subjected 
to  as  much  as  eieht  years  of  weatherine.  Since  that  report  was  published,  additional 
specimens  have  been  included  in  the  test  program.  This  report,  which  describes  re- 
sults obtained  to  November  1959,  covers  those  specimens  previously  reported  which 
axe  believed  to  provide  additional  useful  information,  as  well  as  specimens  added 
since  the  first  report. 
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These  tests  have  indicated  a very  serious  deficiency  in  density  of  this  pavement 
vhich  could  alone  cause  failure  through  surface  deterioration  if  moisture  and  dirt 
vere  present  during  traffic.  Water  vas  found  in  the  asphalt  from  the  contractor  s 
storage  tank;  if  this  contamination  vas  present,  possibly  caused  by  a leaking  ste^ 
coll,  then  it  vould  definitely  contribute  tovard  stripping  and  surface  deterioration. 
There  is  some  evidence  of  overheating  of  the  aggregate.  It  is  recommended  that  steps 
be  taken  to  insure  use  of  proper  equipment  for  heating  the  asphalt  and  proper  contro- 
■ of  aggregate-drying  operation.  It  is  further  recommended  that  steps  be  taken  to  in- 
sure obtaining  adequate  density  in  the  pavement.  If  these  steps  are  taken,  these 
materials  should  make  a satisfactory  pavement. 
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Investigation  of  conditions  under  pavements  on  13  airfields  over  period  of  several 
years  indicates  that  base  course  and  subgrade  moisture  contents  becor:e  stabilized 
after  about  2 yr. ; moisture  contents  in  upper  I8  in.  were  not  found  to  be  related 
to  rainfall,  contrary  to  those  at  30  in.;  CBR  design  procedures  are  conservative 
for  nonplastic,  but  about  right  for  plastic  materials. 
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tJ.  aFON90AIN6  MICITAAV  ACTIVITY 


A summary  review  of  investigations  of  materials  proposed  for  dustproofing  and  water- 
proofing soils  conducted  by  the  Corps  of  Engineers  and  other  agencies  to  date  and 
Is .intended  to  provide  background  information  for  the  establishment  of  a dustproofing, 
and  waterproofing  development  program  at  the  Waterways  Experiment  Station. 
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S.  ABSTRACT 

It  was  requested  that  complete  acceptance  tests  be  perrorned,  particularly  with  rec 
to  Inherent  structural  strength  of  cinders,  and,  if  acceptable,  a wearing  course  r 
design  for  200-psi  tires.  Jet  aircraft,  be  established.  Tests  were  conducted  and 
results  are  tabulated.  In  view  of  the  failure  to  pass  the  stripping  test  and  the 
great  loss  in  stability  in  the  imersiori-compression  test,  the  cinder  aggregates, 
classed  as  showing  serious  stripping.  If  the  stripping  was  less  serious,  it  migh*, 
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ing  the  extreme  stripping  tendency  coupled  with  the  tendency  to  break  down  under 
compaction  stresses  and  the  tendency  to  swell,  it  is  recommended  that  the  cinders 
be  used. 
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The  Investigation  of  the  effect  on  flexible  pavements  of  helicopter  operations  was 
undertaken  as  part  of  a general  study  to  establish  design  requirements  for  flexible 
pavements  to  be  used  by  Army  aircraft*  At  the  time  of  initiation  of  the  general 
study  severe  damage  vas  being  inflicted  on  flexible  pavements  by  one  particular  heli- 
copter, the  H-21.  Various  sites  where  this  damage  had  been  noted  were  investigated 
by  representatives  of  the  Waterways  Experiment  Station.  The  unique  nature  of  the 
damage,  its  causes,  and  recommendations  for  its  control  are  presented  herein. 
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l>.  AB»TRaCT 


The  tests  described  herein  were  conducted  to  determine  the  effectiveness  of  bentonite 
as. an  agent  for  reducing  the  usefulness  of  airfield  and  roadway  surfaces.  Small-scale 
pilot  tests  were  conducted  on  flexible  pavement  and  turf  to  develop  methods  of  applying 
the  bentonite,  to  select  the  type  of  granulated  bentonite  best  suited  for  the  purpose, 
and  to  determine  quantities  to  be  used  in  full-scale  tests.  Laboratory  tests  were 
then  performed  on  blends  of  bentonite  and  deliquescent  materials  to  determine  the 
.ability  of  the  mixture  to  absorb  moisture  from  the  air  and  become  plastic;  however, 
not  enough  moisture  was  absorbed  to  produce  stickiness.  Mixtures  of  a lean-clay  soil 
and  bentonite  were  also  tested  and  it  was  found  that  the  bentonite  admixture  increased 
the  plasticity  index  of  the  soil.  For  the  full-scale  tests,  existing  surfaces  of 
flexible  pavement,  bare  soil,  and  turf  were  treated  with  varying  quantities  of  granu- 
lated bentonite.  The  material  was  moistened  and  its  effect  on  movement  of  vehicles 
was  determined  by  traffic  and  skid  tests.  The  tests  showed  that  bentonite,  applied 
as  thickly  as  considered  reasonably  possible  for  a large  area,  will  not  destabilize 
flexible  pavement,  bare  soil,  or  turf  sufficiently  to  Immobilize  a light  tank,  a 
2_l/2-ton  truck,  or  a 1/2-ton  truck.  Limited  tests  made  of  Aqua  Gel  produced  the  same 
results.  Removal  or  neutralization  of  the  bentonite  was  attempted  by  different  methods, 
and  washing  or  shoveling  was  found  to  effectively  remove  the  chemical. 
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It.  Suaaue;- untaay  motes 


la.  SAONSOAINO  MIUtTAAT  ACTIVITY 


Report  presents  the  results  of  field  tests  performed  with  the  Jay  (model  J-12)  plate- 
type  vibratory  compactor.  The  purpose  of  the  tests  was  to  observe  the  behavior  of 
the  plate- type  vibratory  compactor  with  reference  to  handling  ease  and  performance 
and  to  evaluate  its  effectiveness  in  producing  high  densities  in  soils  and  pavements 
compared  to  that  of  compaction  equipment  currently  in  use . The  tests  were  made  on 
five  different  types  of  soils,  ranging  from  plastic  to  nonplastic,  for  which  labora- 
tory compaction  data  were  available  from  previous  studies,  and  on  one  hot-mix  paving 
‘mixture.  The  study  consisted  of  (a)  backfilling  and  compacting  four  test  pits, 
utilizing  the  different  types  of  soil;  (b)  compacting  a surface  patch  of  hot-mix 
bituminous  pavement;  and  (c)  testing  all  compacted  materials  for  degree  of  compac- 
tion obtained. 
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I II.  tURFuEMCMTAnT  NOTE* 


TU.  IFONSORINO  Mlfc.lTART  ACTIVITY 


A study  was  undertaken  at  the  Waterways  Experiment  Station  to  determine  the  amount  of 
error  inherent  in  certain  apparatus  and  methods  in  general  use  and  to  examine  the 
technique  for  u.sing  them  in  the  field.  This  paper  describes  the  methods  used  to 
evaluate  the  apparatus  and  test  procedures  and  presents  the  results  of  the  evaluations. 
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Tit.  seoNsoniNO  mii.itahv  activitv 


During  this  study,  calibration  curves  were  developed  based  on  laboratory  and  field 
data  relating  count  ratios  determined  by  the  nuclear  probes  to  per  cent  moisture 
(volume  basis)  and  wet  density.  The  effective  radius  or  height  (above  the  radiation 
source)  of  the  influence  bulb  measured  by  the  nuclear  method  in  a given  soil  was 
found  to  be  in  the  order  of  7 to  9 in.  which  is  too  large  for  effective  use  for 
airfield  construction  control  or  evaluation  studies.  In  addition,  the  nuclear  method 

of  measurement  of  soil  density  and  moisture  was  found  to  be  not  as  accurate  or  re- 

liable as  direct  sampling  procedures.  This  investigation  showed,  however,  than  the 
nuclear  probe  method  of  measurement  does  have  inherent  characteristics  that  would 
be  useful  for  studies  of  airfield  densities  and  moisture  if  the  probes  can  be  modified 

to  accurately  measure  relatively  thin  soil  layers  (6  in.  or  less  in  depth)  and  if  the 

instrumentation  can  be  improved  so  as  to  make  the  equipment  more  durable  and  reliable. 


KEYWORDS;  Airfields;  Nuclear  methods;  Unit  weight  determination;  Water  content 
determination  (Soils) 
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I The  severity  of  the  loading  imposed  on  landing  facilities  by  the  H-21  helicopter  has  been  j 

I the  subject  of  a number  of  studies  during  the  past  year.  A side  thrust  of  the  main  gear  j 
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Flexible  Pavements , dated  August  1956.  During  October  1956,  additional  observations  and 
tests  using  the  K-21  helicopter-vere  performed  at  VES  to  obtain  data  on  the  effect  of 
lielicopter  loadings  on  flexible  pavements.  This  is  a part  of  a general  study  to  estab- 
lish design  requirements  for  flexible  pavements  to  be  used  by  Army  aircraft. 


KEYWORDS:  Flexible  pavement  failures  (Airfields);  Helicopters;  Landing  gear;  [H-21 
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II.  »;...»;»l.tMENTAflY  NOTS3 


Visual  observation  indicated  a nonunifora  distribution  of  bitumen  throughout  the  pave- 
ment. This  was  evidenced  by  lean  and  rich,  spots.  There  appeared  to  be  an  excess  of 
prime  coat  material  and  an  excessive  accumulation  of  bitumen  in  the  surface  of  the  pave- 
ment which  could  not  be  clearly  identified  as  a normal  seal  coat.  In  general,  the  pave- 
ment contained  an  excess  of  bitumen. 
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Paper  describes  a laboratory  compaction  test  which  it  is  believed  will  prove  to  be  a 
major  improvement  over  the  impact  compaction  procedures.  The  paper  also  presents  son 
typical  test  data  and  proposes  a new  approach,  in  the  selection  of  optimxra  bitumen 
content. 
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This  report  presents  the  results  of  field  and  laborai.ory  investigations  conducted  ct  ob- 
tain data  regardi.ig  pavement  conditions  at  Davis-Monthan  Air  Force  Base.  These  investi- 
gations are  part  of  a series  of  studies  to  determine  the  effect  of  channelized  traffic 
on  the  various  elements  of  flexible  pavements.  Davis-Monthan  AFB  vas  included  in  these, 
investigations  because  taxiway  lU  had  shown  signs  of  distress  along  the  channelized  traf- 
fic lane. 
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jT7|.  iO^PUEMENTABT  nOTsV 


j 13.  »PON90mNC  MiUlTANY  ACTIVITY 


This  report  presents  the  results  of  field  and  laboratory  investigations  conducted  to  ob- 
tain data  regarding  pavement  conditions  on  taxiway  3 (designated  taxiway  11  prior  to  1955) 
at  March  Air  Force  Base.  These  investigations  were  made  in  connection  with  a series  of 
investigations  of  the  effects  of  char..telized  traffic  on  various  flexible  pavement  ele- 
jnents.  March  AI’B  was  included  in  this  series  because  the  pavements  there  had  been  sub- 
jected to  channelized  traffic  and  taxiway  3 had  shown  signs  of  distress  along  the  cha.n- 
nelized  traffic  lane. 
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Jl|.  SWPPUSMCNTARY  NOTES 


lia.  SPONSORINC  MlklTART  ACTIVITY 


\ IS.  asstract 


A condition  survey  of  McCoy  Air  Force  Base,  Orlando,  Fla.,  was  included  in  the  long- 
range  study  of  the  effects  of  channelized  traffic  on  the  various  elecents  of  flexible 
pavements  because  channelized  traffic  had  occurred  at  this  field,  and  distress  was 
apparent  on  taxiway  5 and  the  east  N-S  runway.  The  surfaces  of  all  facilities  were 
Inspected  with  special  empnasis  on  the  distressed  nmway  and  taxiway.  Field  testing 
and  sampling  were  performed  in  test  pits  at  five  locations  on  taxiway  5 and  seven  lo- 
cations on  the  east  N-S  runway  in  or  adjacent  to  distressed  areas.  Samples  of  the 
■pavement,  base,  subbase,  and  subgrade  were  also  tested  in  the  laboratory.  Tests  and 
observations  indicated  that  the  quality  of  the  pavement  mixes  and  the  base  course 
material  and  the  strength  of  the  subgrade  and  subsoil  were  adequate  for  the  traffic 
Imposed.  The  quality  of  the  subbase  material  on  the  runway  was  adequate,  but  the  sub- 
base material  on  taxiway  5 was  weak  in  localized  areas,  probably  because  "muck"  had 
been  incorporated  in  the  sand  as  a stabilizer.  The  compaction  produced  in  the  various 
layers  appeared  to  be  adequate  for  the  traffic  imposed  where  normal  compaction  had 
been  applied.  Apparently  normal  rolling  was  not  applied  along  the  center  line  of  the 
tcLxlway,  nor  on  the  center  line  of  the  runway  at  even  stations,  and  depressions  occurred 
under  traffic. 


KEYWORDS;  Airport  runways;  Channelized  traffic  tests;  Flexible  pavement  performance* 
and  evaluation  (Airfields);  [McCoy  Air  Force  Base,  Orlando,  Florida] 
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Two  condition  sxxrveys  at  Walker  Air  Force  Base  (in  195^  fiud  1957)  were  included  in  the 
lone-range  study  of  the  effects  of  channelized  traffic  on  the  various  elements  of  flexible 
pavements  because  channelized  traffic  had  occurred  at  this  field,  and  distress  was  ap- 
parent on  the  HE-SW  runway,  the  NW-SE  runway-apron,  taxiway  5A,  taxiway  9,  taxiway  6,  taxi- 
way  1,  and  the  HW  main  apron.  The  surfaces  of  all  facilities  were  inspected,  with.  specia_ 
emphasis  on  the  distressed  areas.  Field  testing  and  sampling  during  the  195^  in/estigat-on 
were  performed  in  three  test  pits  on  the  KW-SH  runway-apren  and  one  test  pit  on  taxiway  5«- 
Field  testing  and  sampling  during  the  1957  investigation  were  performed  in  one  test  trench 
and  three  test  pits  on  taxiway  9,  three  pits  on  taxiway  1,  two  pits  on  the  HE-SW  runway, 
and  two  pits  on  the  NW  main  apron.  Samples  of  the  pavement,  base,  subbase,  and  subgradfr.^ 
were  also  tested  in  the  laboratory. 
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I.  ^I.STAAY 


la.  dPONaoRiNC  miuitaav  activity 


la.  aa»taac T 


- Tests  were  conducted  to  determine  crushing,  abrasion,  and  soundness  characteristics  and 
\ mineral  content.  A report  of  these  tests  is  given  in  a memorandum  from  the  Chief  of  th 
; Concrete  Research  Division  to  the  Chief  of  the  Bituminous  and  Chemical  Section  (inclcsu 
I Z).  The  aggregate  was  satisfactory  in  alj.  of  the  tests;  however,  as  pointed  out  in  the 
i report,  its  durability  with  regard  to  freezing  and  thawing  was  not  determined. 
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^ONSOAINC  miuitahy  activity 


Pilot  tests  conducted  on  typical  sections  of  graded  earth  reads  and  roads  surfaced  with 
gravelly  naterlal  using  the  M51  dump  truck  were  concerned  with  the  determination  of  re- 
lationship between  tire  pressure,  tire-tread  wear,  and  road  deterioration  at  constant  ail' 
load.  The  tests  demonstrated  that  deterioration  of  the  roadways  varied  with  the  tire  con 
tact  pressure,  the  contact  area,  and  the  soil  strength.  There  were  definite  indications 
of  relationships  between  these  elements  which  at  present  are  not  known  and  which  warrant 
further  investigation.  The  limited  amount  of  traffic  in  these  tests  did  not  produce  a 
measurable  amount  of  tire  wear,  therefore  it  was  not  possible  to  obtain  an  indication  of 
the  economic  relationship  existing  between  vehicle  operation  over  low-type  roads  with  , 
tires  at  low  pressure  or  operation  with  tires  at  press\ires  designed  for  hard  pavements,  ^ 
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13.  3PON30RINC  MIUITARV  ACTIVITY 


' 13.  AaITAaCT 


A casual  observation  by  a structural  engineer  of  the  multiple  bulb  tee  section  designed 
for  landing  mats  — the  T-11  Aluminum  and  the  T-8  iiagnesium  — results  in  a preliminary 
conclusion  that  the  sections  are  adaptable  for  other  structural  uses.  This  study  analyses 
the  sections,  determines  their  load  carrying  capacities  and  deflection  characteristics 
under  the  various  load  conditions  expected  In  quite  general  cases,  and  shows  specific  in- 
stances where  the  data  so  obtained  may  be  directly  applied  in  auxiliary  uses.  Quantita- 
tive values  obtained  in  the  study  support  the  conclusion  mentioned  above.  Fabrication, 
■erection,  and  cost  considerations  are  weighed.  Modifications  are  specified  in  the  in- 
stMces  where  they  are  needed.  - 
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|ia,  &PON90RINC  MlUITAAY  ACTIVITY 


The  hot  gas.es  that  impinge  on  the  pavement,  and  the  fuel  that  is  spilled  on  the  pavement  * 
during  ground  operations  of  jet  aircraft  have  created  problems  for  the  pavement  designer  ; 

that  were  not  encountered  with  propeller-driven  aircraft.  The  Corps  of  Engineers  has  / 

studied  these  problems  for  :everal  years  as  part  of  the  over-all  development  of  design  cri- 
teria for  airfield  pavements  'cing  accomplished  for  the  U.  S.  Air  Force.  Some  of  the  in-  : 
formation  derived  from  these  in .'estigations  has  been  presented  previously;'  this  paper  sum-  ■■ 
marizes  the  results.  The  studies  have  considered  (a)  the  characteristics  of  the  blast  of 
•Jet  aircraft  and  the  effect  of  Jet  blast  on  bituminous  pavements,  (b)  the  characteristics 
of  fuel  spillage  of  Jet  aircraft  and  the  effect  of  spillage  on  asphaltic  pavements,  and  ■ 
(c)  fiiel-reslstant  bituminous  pavements. 

V , 
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ia«  9^0N30AtN6  MlCITAItV  ACTIVITY 


• ;a.  a»>tiiact 


This  report  presents  the  results  of  tests  performed  with  the  McConnaughay  (Model  HTD-500) 
patch  plant  for  the  purpose  of  observing  the  behavior  of  the  plant  with  reference  to  oper- 
ation, handling,  and  performance,  and  of  evaluating  its  capability  to  prepare  both  high- 
quality  hot-asphaltic  and  portland-cement-concrete  mixtxires  suitable  for  maintenance  and  ■ 
repair  of  road  and  airfield  pavements.  The  objectives  of  the  study  were  accomplished  by 
(a)  mixing  thirty-six  300-lb  batches  of  hot-mix  asphaltic  concrete  in  which  mixing  proce- 
dures and  moisture  conditions  were  varied,  (b)  placing  two  surface  patches  of  hot-mix  bi- 
tuminous pavement  for  observation  of  aging  characteristics  of  the  asphaltic  concrete, 

(c)  mixing  six  3-cu-ft  batches  of  portland-cement  concrete  utilizing  two  dii'ferent  mix -de- 
signs and  aggregates,  (d)  observing  the  patch  plant  in  operation,  and  (e)  performing  labo- 
ratory tests  on  both  asphaltic-  and  portland-cement-concrete  mixtures  produced  by  this  • 
plant . . , . 
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This  paper  presents  the  experience  of  Richard  H.  Groves,  Capt..,  CE,  In  constructing  cold-  | 
mix  bituminous  pavements  while  assigned  to  the  8o6th  Engineer  Heavy  Construction  Battalion 
in  the  Caribbean  area.  It  contains  valuable  information  on  tihe  subject  cf  desi gUj  con-  ■ 

Etruction,  and  control  of  cold-mix  pavements.  The  original  ciraft  of  the  paper  was  re-  • 

ferred  to  the  Waterways  Experiment  Station  by  the  Office,  Chfef  of  Engineers,  for  review  j 
and  coordination  with  the  author  in  preparing  it  in  suitable  form  for  publication  as  a * 

WES  Miscellaneous  Paper.  Personnel  of  the  Flexible  Pavement  laboratory,  WES  reviewed  the  j 
paper  and  suggested  certain  revisions  which  were  incorporatefl  in  the  report.  i 
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I 12.  SP0N20NINC  MtUlTAHy  ACTIVITY 


This  report  summarizes  the  results  to  February  1957  of  the  study  of  the  effect  of  pavement 
roughness  on  the  "porpoising"  of  the  B-47  and  B-52  airplanes.  Porpoising  is  defined  as  a 
bannonlc  motion  of  -the  aircraft  in  which  the  plane  acts  as  a rigid  beam  supported  or.  two  ; 
springs  (the  landing  gear).  The  information  for  this  Investigation  has  been  obtained  frpm  ^ 
the  following  sources:  (a)  profiles  of  several  runways  where  reports  indicate  porpoising  ; 

or  lack  of  porpoising,  (b)  conversations  with  pilots  and  operations  officers,  and  (c)  Boe- i 
Ing  Airplane  Company  reports  entitled  "Theoretical  Analysis  of  Ground-Roll  Porpoising  ! 

• (B-1i7  Airplane),"  dated  12  August’ 1953  and  "Dynamic  Study  of  Runway  Exited  Vibrations,  S 
B-52  Airplane,"  published  in  1955.  3 
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f'DNSORINft  MIUIT.HY  ACTIVITY 


Field  compaction  studies  were  made  wit:-.  ■ rubber-tired  roller  to  study  the  effect  of  vari 
tions  in  tire  pressure  and  lift  thickr.  ■ , . The  soil  was  mixed  with  varying  percentages  c 
water,  spread  in  lifts,  and  compacted  ■...  -.'orm  test  fills.  The  fills  were  then  sampled  t; 
determine  density  and  moisture  contents.  The  principal  findings  were:  EzTect  of  tire 

pressure.  Increasing  the  tire  pressure,  within  practicable  limits,  is  more  effective  in 
producing  high  densities  than  increasing  repetitions  of  the  roller  within  practicable 
limits.  Effect  of  lift  thickness.  Densities  produced  in  the  top  of  the  lift  were  the  sa 
’regardless  of  lift  thickness,  but  the  density  decreased  with  depth  in  the  left  from  2 to 
percentage  points  for  each  6 in.  of  depth. 
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; This  paper  presents  an  improved  method  for  developing  multiple-vheel  CBR  design  criteria 
^ from  proven  single-wheel  criteria.  It  tells  briefly  of  the  development  of  the  method  and 
f:  explains  how  it  may  be  applied. 
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I ta.  SPONaORINO  MILiTARY  ACTIVITY 


The  Corps  of  Engineers  has  heccne  interested  in  the  use  of  tar-rubber  blends  a?  a biniin 
agent  for  flexible  pavements  that  vill  be  resistant  to  the  detrimental  effects  of  je-c-f-.; 
spillage  and  Jet  blast.  Commercially  prepared  blends  as  veil  as  blends  developed  by  The 
Waterways  Experiment  Station  were  tested  fcr  conformance  to  the  Corps  of  Engineers  ir.Ter 
guide  specifications  for  tar-rubber  blends.  Methods  and  procedures  for  the  blending  cf 
the  various  types  of  elastomers  used  were  also  included  in  the  investigation.  Based  cm 
this. study,  the  following  conclusions  appear  warranted:  (a)  rubbers  other  than  oil  re- 

sistant and  polyvinyl  chloride  can  be  used  to  improve  the  temperature  susceptibility  cf 
tar,  .(b)  the  type  of  additive  used  with  the  tar  may  have  scoe  effect  on  fuel  penetration 
and  (c)  the  method  of  blending  does,  not  appear  to  be  significant  so  long  as  heat  and  a^i 
tatlon  are  present . , . 
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This  report  describes  a test  in  which  the  time  required  to  freeze  unprepared  lean  clay  sc 
•,  with  dry  ice  was  determined.  The  time  required  for  the  frozen  soil  to  return  to  approxi- 
mately  the  temperature  at  which  the  test  was  begun  was  also  determined. 
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J Although  this  paper  is  concerned  primarily  with  the  California  Bearing  Ratio  (CBR)  design  i 
J procedures  as  practiced  by  the  Corps  of  Engineers,  it  is  believed  desirable  to'  point  out  ■ 

“ that  the  Corps  of  Engineers'  flexible  pavement  design  procedure  embodies  two  features  ) 

r which  deal  with  the  pavement  structure  and  a third  which  deals  with  the  bituminous  mixture.- 
These  are  described  and  discussed  in  the  paper.  | 
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&P0N90HINC  MlUlTAHY  ACTIVITY 


A number  of  military  airfields  in  the  United  States  have  been  constructed  with  soil-cement 
base  courses.  Ar  investigation  of  several  of  these  fields  was  made  by  ohe  Vatervays  ex- 
periment Station  to  determine  the  behavior  of  these  base  courses  under  the  conditions  to 
which  they  had  been  subjected.  This  paper  presents  the  results  of  the  investigation. 
Studies  were  made  at  the  following  airfields  where  a portion  of  the .paved  facilities  were 
constructed  with  soil-cecient  base  courses:  Turner  AFB,  Albany,  Georgia;  Moody  AFr,  Val- 

dosta, Georgia;  West  Palm  Beach  *AF3,  West  Palm  Beach,  Florida;  Hot  Springs,  Arkansas,  .'.u- 
nlclpal  Airport  and  Adams  Field  (Little  Rock,  Arkansas,  Municipal  Airport);  Clovis  AFB, 
Clovis,  New  Mexico;  and  Edwards  AFB,  Muroc,  California.  Detailed  visual  inspections  were 
made  of  all  the  pavements,  and  field  and  laboratory  tests  were  performed  at  West  Palm 
Beach,  Moody,  and  Turner  AFB's  and  Hot  Springs  Municipal  Airport. 
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AFB,  Muroc,  Calif.;  .Moody  AFB,  Valdosta,  Ga. ; Municipal  Airport,  Hot  Spring,s, 
Ark.;  Turner  AFB,  Albany,  Ga. ; West  Palm  Beach  AFB,  West  Palm  Beach,  Fla.] 
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The  major  causes  of  unsatisfactory  conditions  in  flexible  pavements  that  have  teen  studied  j 
by  the  FPL  arc  (a)  inadequate  thickness  of  subbase,  base,  and  pavement,  (b)  inadequate  com-} 
paction  in  the  subgrade,  subbase,  and  base,  (c)  inadequate  durability  in.  the  bituminous 
layers,  and  (d)  inadequate  stability  in  the  bituminous  pavement  under  traffic  during  hot  j 
weather.  It  is  recognised  that  unsatisfactory  conditions  can  develop  in  flexible  pevementsj 
for  reasons  other  than  those  listed,  but  these  are  not  discussed  in  this  paper.  J 
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I;  While  the  gyratory  compactor  is  still  under  development,  it  is  at  this  time  considered  to  } 

be  a vorking  tool  and  tentative  test  procedures  have  been  established.  In  additio.n  to  be-  < 

■ ing  a compaction  device  for  the  preparation  of  specimens  closely  simulating  actual  pevementj 

; specimens  and  for  the  selection  of  optimum  bitumen,  the  machine  shows  exceptio.nal  promise  j 

> as  a machine  for  making  comparative  quality  tests  on  paveaeat  mixtures  and  for  predicting  ■ 

; the  expected  life  of  a pavement.  | 
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II.  SU?eLCMCNT>HV  NOTO 


la.  .PON.ONIM.  MILITAMV  ACTIVirV 


This  paper  shows  that  a semilpg  plot  of  optimum  dry  density  versus  compaction  effort  ir. 
energy  per  unit  volume  gives  essentially  a straightline  relationship.  The  slope  of  fr.i 
line  varies  with  the  plasticity  and  other  related  prope'-ties,  the  slope  becoming  steers 
as  the  plasticity  increases  and  the  soil  becomes  more  difficult  to  compact.  It  is  pro- 
posed that  laboratory  compaction  tests,  conducted  at  three  compaction  efforts  and  plot- 
ted as  described,  be  used  as  a basis  for  a classification  scheme.  It  is  suggested  that 
such  data  be  used  for  guidance  in  establishing  compaction  requirements  for  different 
soils  arid  for  predetermining  the  amount  of  compaction  effort  necessary  to  achieve  a de- 
sired field  density. 
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la.  i^ON^OHlNO  M(b.»TAnT  ACTIVITY 


The  Terrapac  is  a trailer-type  machine  with  a compaction  unit  consisting  of  a single  vitr 
tory  drum  loaded  to  3.3  tons.  Tests  were  conducted  to  compare  the  compaction  cauabilitie 
of  the  Terrapac  with  those  of  current  conventional  types  of  compaction  equipment  on  a lea 
clay  soil  and  on  a crushed-limestone  base  course  material.  The  density  developed  in  the 
lean  clay  soil  with  the  Terrapac  on  6-in.  lifts  was  considerably  lower  than  that  develcpe 
with  conventional  type  rollers.  Serious  density  gradients  occurred;  a poor  bond  was  ob- 
tained between  lifts;  and  surface  laminations  were  observed.  The  density  developed  in  th 
•limestone  base  course  material  with  the  Terrapac  on  h-in.  lifts  was  comparable  to  densiti 
developed  with  conventional  type  rollers.  On  12-in.  lifts,  the  density  developed  with  th 
Terrapac  was  four  percentage  points  (modified  AASHO  maximum)  less  than  that  obtained  in 
It-in.  lifts.  No  apparent  deficiencies,  were  found  in  the  structural  or  mechanical  feature 
of  tlie  Terrapac.  However,  the  period  of  operation  was  not  long  enough  to  determine  the 
mechanical  adequacy.  ’ 
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Distribution  limited  to  U.  S.  Government  agencies  only;  January  197*»;  HQDA 
(DAEN-MCS-D) 


This  report  presents  results  of  field  tests  of  the  Duo— Factor . a soil  compactor  that  in- 
corporates a steel-vheel  roller  in  conjunction  vith  a rubber-tired  roller.  Tests  were 
made  on  a lean  clay  soil  and  a crushed-limestone  base  course  material  to  evaluate  the  Due 
Factor's  compacting  capabilities  and  determine  its  meclianical  adequacy.  Test  results  in- 
dicated that  the  Duo-Factor  did  not  produce  densities  in  the  lean  clay  material  as  high 
as  those  produced  by  a standard  50-ton  rubber-tired  roller.  Slightly  better  compaction 
was  obtained  when  both  the  rubber-tired  and  steel  rollers  were  used.  The  degree  of  com- 
•paction  obtained  in  the  lean  clay  by  eight  coverages  of  the  Duo— Factor  was  considerably 
less  than  the  100^  modified  AASHO  requirement;  however,  the  densities  obtained  in  the 
crushed— limestone  material  did  meet  this  requirement.  No  structural  or  mechanical  de- 
ficiencies were  apparent;  however,  the  period  of  operation  was  too  short  to  determine  ^ 
fully  the  mechanical  adequacy  of  this  compactor . 


KEYWORDS:  Compaction  (Soils);  Rubber  tired  rollers;  Steel  wheel  rollers 


DD/r:..1473  s: 


MCNWACX*  00  IA7I,  ( ^AM  •«,  WHICH 

0CA04.CTC  anmt  w»«. 


Uaclassiiied 


128 


i.  > t « V' I •\Ci L A r A * «« 


• A • •*  Av  i'iVI  •' V , .tu.U>‘*) 


I I*.  S.  »\;  :«y  i’r.y.icio^' *.'  \*'.:i\nvay6  I!x;;orij;:jni:  SiacZon 
* V»  w.vsIks i.*;’, » M i iiii  vfiji  i 


*4.  i««.>'ONT  ri*k 


; ITTIiD  CaMPAClION  TESl’S  V.'n'H  DYl.'APACTOR 


CC»wKi><TtV^  NOTC9  (7y^<t  «>/  tv,, on  •nJ  Mv/wair# 

% 

* ». 

3,  C.  Bunyard 


; June  1958' 


; CChTAavT  OA  &HAMT  NO. 


PAOJCCT  MO. 


i7«.  TOTAk.  NO.  OP  PaCCS  |76.  no.  op  RCP« 


»•.  O AtC>IMATOK’&  ACPONT  t%UUOiCHl»t 

Miscellaneous  Paper  lio.  U-2Ti 


»b,  C Th  N CPO  AT  NOi»)  (A»r  ex/.»r  nu.»o*r*  tfist  tr^f  t* 


\ Id.  0;dTAlt>oTlON  ATaTCMwNT 


■ Distribution  limited  to  U.  S.  Government  ecencles  only;  January  197**.  Other  requests 
^ for  this  document  must  be  referred  to  Office,  Chief  of  Engineers  KQDA  (DAZN-MCE-D) . 


T l|.  >W>''*^£Mk;.NrA  AY  N0T£» 


I Id.  dPONJOHtNO  AtlL.tTAMY  ACT/VITY 


The  Dynapactor  is  a trailer-type  machine  in  which  the  corapactinc  force  is  produced  by  two  ; 
engine-driven  units,  each  equipped  with  counter-rotating  eccentric  weights.  Tests  were 
performed  on  a lean  clay  soil  and  a crushed-lirucstonc  base  course  material  to  compare  the  ^ 
conpaction  capabilities  of  the  Dynapactor  with  those  of  conventionaJ  types  of  compaction  • • 

equipment.  The  densities  developed  in  the  clay  by  the  Dynapactor  were  less  than  those 
developed  with  conventional  heavy  rubber-tired  and  steel-wheel  rollers.  Serious  density 
gradients  occurred  within  lifts;  a poor  bond  was  obtained  between  lifts;  and  laminations 
were  observed  within  the  lifts.  The  density  developed  in  the  limestone  by  the  Dynapactor  ; 
equipped  with  tamping  bars  is  higher  (but  density  developed  with  sled-type  feet  is  lover) 
than  that  obtained  with  conventional  compaction  equipment.  These  tests  indicate  a need-^ 
to  more  fully  develop  the  Dynapactor  to  determine  the  best  combination  of  foot  design  and"^  ^ 
method  pf  operation  for  compaction  various  soil  types . 
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This  report  presents  the  results  of  fuel-spillage  and  traffic  tests  conducted  on  the  rut 
berized  tar-concrete  parking  apron  at  Williams  Air  Force  Base,  Phoenix,  Arizona,  vhich 
been  sealed  with  Jennite  J-l6  seal-coat  material.  The  purpose  of  the  tests  was  to  otta 
information  as  to  how  the  Jennite  J-l6  seal-coat  material,  placed  under  contract  ctndlci 
would  perform  which  subjected  to  fuel-spillage  and  traffic  teists,  and  to  compare  the  re- 
sults of  these  tests  with  the  results  of  similar  tests  conducted  on  the  same  seal-coat 
material  at  the  Waterways  Experiment  Station. 


KEYWORDS:  Jet  fuel  resistant  materials;  Jet  fuel  spillage  (Paivements) ; Rubberized-tar 

pavements;  Seal  coats;  Traffic  tests; '[Williams  AFB-..,  Phoenix,  Arizona] 
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12.  SPONSORING  MILITANT  ACTIVITY 


• 12.  ALSTRAC  T 

This  report  presents  the  results  of  a limited  mmiber  of  tests  in  which  asbestos  fibers 
were  used  as  an  additive  in  emulsified  seal-coat  materials  for  rubberized-tar  concrete 
pavements..  The  investigation  was  initiated  upon  the  discover;/  of  a seal-coat  material  or. 
some  pavement  cores  taken  from  the  center  portion  of  an  asphaltic  concrete  parking  apron, 
at  Simmons  Army  Airfield,  Fort  Bragg,  North  Carolina,  containing  asbestos  fibers , which 
showed  great  resistance  to  both  jet  fuel  and  heat.  The  objectives  of  the  study  were  to 
determine  if  the  resistance  of  commercially  available  seal-coat  materials  to  jet-fuel 
spillage,  heat  and  cold,  weathering,  and  traffic  could  be  improved  by  the  addition  of 
asbestos  fibers.  The  study  consisted  of:  (a)  mixing  a total  of  13  experimental  batches 

of  emulsified  seal-coat  materials  both  wit*|  and  without  asbestos  fibers  of  various  grades 
and  added  in  various  proportions;  (b)  subjecting  samples  and  coatings  from  each  of  the 
experimental  mixtures  to  both  submergence  in  and  spillage  of  jet  fuel,  and  submergence 
in  hot  water  to  determine  adhesive  properties  of  the  seal  coats;  (c)  measuring  thickness 
and  tensile  strength  of  the  coatings;  (d)  exposing  the  various  coatings  to  prolonged  and 
extensive  heat,  freezing,  and  weathering;  and  (e)  placing  four  small  seal-coat  patches 
on  a highly  trafficked  bituminous  pavement  surface. 
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The  tests  reported  herein  involved  two  rubberized-tar  materials,  termed  product  A and  prod- j 
uct  B,  each  of  which  had  been  used  in  experimental  pavements  at  Williams  and  Davis-Mcr.nhan  . 
Air.  Force  Bases.  Pavement  cores  taken  at  these  airfields  by  WES  personnel,  and  axso  saa^.  j 
pies  fxirnished  by  the  South  Pacific  Division  Laboratory,  were  subjected  to  specification  | 
tests.  Neither  product  A nor  product  B met  all  of  the  specification  test  requirements.  S 
Special  laboratory  tests  were  conducted,  including:  (a)  penetration  tests-,  (b)  distilla-  : 
tion  tests,  (c)  dispersion  tests,  (d)  viscosity  tests,  (e)  weight-  and  volume-change  tests, | 
and  (f)  smear  tests.  The  material  with  the  least  total  amount  of  volatiles  lost  in  the  ; 
distillation  test  showed  the  least  cracking;  also,  the  material  having  the  least  weight  andj 
volume  change  after  prolonged  heating  showed  the  least  cracking.  It  is  concluded  that'im-  j 
proved  specifications  should  require  teir  having  less  volatiles  than  were  present  in  the'^^  ' 
product  A and  product  B materials . ' ” ' j 
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1*2.  SP0N20HINC  MICtTAHY  ACTIVITY 


Tests  were  conducted  with  the  California  field-type  extractor  to  observe  its  operation  ar.d| 
to  evaluate  its  capability  for  sinultaneous  determination  in  a single  apparatus' of  bitumen? 
and  water  contents  of  pavement  samples.  It  was  found  that  the  degree  of  accui'acy  of  botr.  * 
the  water-content  and  asphalt-content  determinations  made  with  the  apparatus  was  accep-  • j 
table.  The  apparatus  is  suitable  for  general  use  by  Corps  of  Kngineers  laboratories  for  ; 
asphalt-content  determinations  with  nonflammable  low-toxicity  solvents,  but  is  not  suit-  5* 
able  for- water-content  determinations  because  of  the  necessity,  of  using  flammable  solventsj 
which  is  prohibited  by  Corps  of  Engineers  safety  regulations.  If  a satisfactory  non-  « 

flammable  solvent  is  found,  this  objection  will  be  overcome,  a i 
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T IT.  A ..tract 


Tests  were  conducted  to  investigate  and  evaluate  nonfla.xnable  solvents  for  use  in  the  de- 
termination of  the  water  content  of  bituminous  mixtures.  Solvents  tested  included:  1,1,1 
triuhloroethane , perchloroethylene , and  1,1,2  trichloroethane.  Because  of  its  high  boilir.. 
point  and  the  small  correction  required  in  test  results,  1,1,2  trichloroethane  is  the  most 
suitable  of  the  three  nonflammable  solvents  tested.  However,  1,1,1  tricfiloroethane  is  also 
satisfactory  provided  a control  test  is  run  first  to  establish,  the  proper  correction  quan- 
tity. It  has  the  advantage  of  not  absorbing  water;  its  main  disadvantages  are  a low  boil- 
-Ing  point  and  the  fact  that  the  water  recovered  in  tests  using  this  solvent  may  have  a 
milky  or  cloudy  appearance.  Perchloroethylene  is  considered  unsatisfactory.  A proposed 
procedure  for  determination  of  the  water  content  of  bituminous  mixtures  using  a nonflam- 
mable solvent,  together  with  instructions  for  determining  the  correction  quantity,  is  ip“> 
eluded  in  an  appendix. 
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This,  report  presents  the  results  of  a study  to  develop  suitable  laboratory  performance  tests  5 
to  be  incorporated  in  the  interim  guide  specifications  for  bituminous  seal-coat  Tiaterials  j 
•for  rubberized-tar  concrete  airfield  pavements.  The  specific  purposes .of  the  study  were  tc : j 
(a)  develop  a number  of  performance  tests  that  can  be  conducted  in  a laboratory  vithin  a j 

reasonable  length  of  time,  and  (b)  establish  or  select  test  limits  that  suitable  sealing  : 

materials  will  meet  and  unsuitable  materials  will  fail  to  meet.  Throughout  the  laboratory  •• 
research,  the  objectives  were  to  establish  realistic  limits  or  ranges  of  performance  or  | 

•properties  which  the  satisfactory  rubberized-tar  emulsions  can  presently  meet,  or  can  easily/ 
be  made  to  meet  by  the  manufacturers,  and  which  the  fair  or  poor  materials  will  fail  in  at  j 
least  one  respect.  The  objectives  of  the  study  were  accomplished  by  (a)  selecting  seven  * 
emulsions  with  performance  ratings  ranging  from  satisfactory  to  poor  as  established  in  pre^  \ 
vious  field  tests,  (b)  coating  71  cerajnic  tiles  and  105  metal  plates  with  the'  various  emiM-*  * 
sions,  and  (c)  testing  tbe  tiles  and  plates,  as  well  as  samples  of  the  materials,  to  deter-  i 
mine  their  resistance  to  the  action  of  hydrocarbon  solvents,  distilled  water,  cold  and  heat,; 
their  flexibility,  chemical  and  physical  properties  arid  volatilization,  and  their  stability  : 
vhe'n  mixed  with  acid.  Additional  tests  were  made  to  correlate  the  JP-i*  Jet  fuel  used  in  the. 
solvent  tests  with  another  fuel  which  can  be  used  as  a standard  test  fuel  by  all  laboratories. 
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• • . * 

il  ■ The  primary  purpose  of  the  Columbus  tests  was  to  proof-test  the  Army  Corps  of  Engineers  flex-  I 
•I  ible  pavement  design  and  construction  methods  for  interiors  of  runways  to  be  used  by  3-52  | 
^ planes.  It  was  desired  that  the  Juncture  between  the  flexible  and  rigid  pavements  be  in-  5 
; eluded  in  the  tests.  Conrequently  a portion  of  the  rigid  pavement  was  also  subjected  to  . | 
5 traffic.  . I 
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II.  JUPPCCMSN  TARV  NOTEJ 

12.  9PONSORINO  MIUITART  ACTIVITT 

la.  ABSTRACT 


This  report  describes  visual  observations  of  the  behavior  of  in-place  rubberised-tar 
concrete  pavements  at  fourteen  Air  Force  bases,  and  results  of  laboratory  tests  on 
core  specimens  obtained  from  these  pavements  to  defuel  spillage,  and  veathering  in 
various  climatic  zones.  The  core  specimens  were  subjected  to  density,  stability, 
extraction  and  gradation  tests,  and  void  relations  udre  computed.  The  gradation  end 
extraction  tests  cannot  be  considered  entirely  reliable  as  it  was  impossible  to  sep- 
arate the  binder  and  aggregate  completely. 


KEYWORDS:  Flexible  pavement  performance  and  Evaluation  (Airfields);  Jet  fuel  spillage 
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[Davis-Monthan  AFB,  Tuscon,  Ariz. ; Dover  AFB,  Del.;  Dow  AFB,  Bangor,  Maine; 
Goose  Bay  AFB.  Labrador;  Hanscom  AFB,  Bedford,  Mass.;  Hicka.m  AFB,  Hawaii; 
Homestead  AFB,  Homestead,  Fla.;  McChord  AFB,  Tacoma,  Wash.;  MacDill  AFB, 
Tampa,  Fla.;  Presque  Isle  AFB,  Presque  Isle,  Maine;  Thule  AFB,  Greenland; 
Walker  AFB,  Rc  veil,  H.  Mex.;,W.  Palm  Beach  AFB,  W.  Palm  Beach,  Fla.; 
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U.  S.  Army  Engineer  District,  Ft.  Worth, 
Texas 
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A limited  amount. of  information  vas  available  on  the  design  and  constructior.  of  the  pavemer-tsj 
at  Goodfellow  Air  Force  Base  Auxiliary  Field  No.  6 for  use  in  determining  the  load-carryir.g  j 
cspacities  of  the  facilities.  Results  of  tests  performed  for  a Watervays  Experiment  Static-  ■' 
field  moisture  study  vere  also  utilized  in  analyzing  the  engineering  characteristics  of  the 
pavement  components.  Available  results  of  undisturbed  laboratory  CER  tests  made  on  the  sue 
grade  for  design  purposes  show  values  ranging  from  3.P  to  t.6  which  indicate  a subgrace  Car. 
of  I.  Laboratory  CER  values  on  remolded  samples  of  the  subgrade  material  at  lOOf  modifiel 
, AASHO  density  ranged  from  U to  lU  with  corresponding  values  of  2-U  at  95'  modified  AASEO  . 
density.  Results  of  construction-control  density  tests  indicated  that  the  subgrade  riaterial 
was  compacted  to  95?  of  modified  AASHO  maximum  density.  Three  field  in-place  CBR  tests -per- 
formed on  the  subgrade  at  a single  location  during  construction  indicated  an  average  valC-v 
of  20.  An  evaluation  based  on  a total  thickness  of  12  in.  (2-in.  asphaltic-concrete  wearing 
course,  .6— in.  crushed— limestone  base,  and  a U-in.  caliche  subbase)  and  a subgrade  CBR  of  a 
will  give  the  design  single-wheel  load  of  8000  lb  at  100-psi  tire  pressure.  However,  the 
performance  records  of  the  pavements  under  traffic  indicate  that  they  have  withstood  approx- j 
ioately  minimum  operations  of  aircraft  having  a 15 ,000- lb  single-wheel  load  and  show  no 
signs  of  distress  from  overload.  A CBR  value  of  9 has  been  selected  for  the  subgrade  mate-  } 
rial  for  use  li  evaluation.  The  subgrade  is  the  controlling  factor  in  determining  the  Icai-j 
carrying  capacity  of  the  pavements,  j 
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la.  St.ON50HIN&  MI..ITAHV  ACTIVITY 

U.  S.  Army  Engineer  District,  V.'orth, 
Texas 


A visual  survey  of  the  pavements  vas  made  in  August  1956  and  at  that  time  all  rufiA'ays  and  | 
taxivays  see--,J  to  be  performing  satisfactorily  under  the  loads  imposed.  Some  minor  crack-  j 
ins  and  rutting  vere  noted  on  the  blast  pad  located  at  the  north  end  of  the  KE-SW  ru.tvay.  , 
The  seal  coat  on  the  runways  and  taxivays  appeared  to  be  slightly  rich,  and  some  bleeaing  i 
was  occurring  in  the  areas  most  used.  Tire  printing  was  evident  in  these  areas.  Some  | 
softening  of  the  ps.'fements  as  a result  of  oil  spillage  was  noted  on  parts  of  the  apron;  how- i 
ever,  sand  had  been  applied  to  absorb  the  excess  oil.  Ho  detrimental  effects  were  noted  j 
from  the  spilling  of  jet  fuel;  only  one  Jet  plane  (T-33)  was  located  at  the  base  at  the  time  j 
of  this  inspectiovi.  in  general,  the  primary  facilities  were  considered  to  contain  no  de-  . 
fccis  would  hinder  normal  aircraft  operations.  ' I 
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U,  S.  Army  Engineer  Districtj  Fort  Vorth, 
Texas 


A visual  inspection  of  the  pavercents  'in  August  1956  indicated  the  primary  facilities  to  be 
in  excellent  condition.  A strengthening  program  for  the  primary  facilities  had-  r.e::en^-ly 
.been  comp.leted;  therefore,  the  pavements  had  been  subjected  to  very  little  traffic,  ^xhe  . 
Uoutheast'  end  of  i;W-SE  runway  2 and  the  northeast  end  of  the  NE-S’W  runway,  were  not  strength- 
ened, but  the  old  pavements  were  in  fair  condition.  The  hW-SE  runway  ^ and  the  run^  , 

way  are  secondary  pavements  and  are  subjected  to  very  little  traffic,  i 
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U*  S.  Army  Engineer  District,  Sacranento, 
California 


A visual  inspection  of  all  pavements 'In  December  1957  indicated  the  pavements  to  be  in  ex- 
cellent to  poor  condition.  Portions  of  the  pavements  on  aprons  T,  S,  and  0;  taocivays  A,  C, 

. and  D;  apron  E taxiway;  and  the  NE-SW  runway  (which  is  used  for  parking  aircraft)  cor.-.eined  • 


overload.  The  south  end  of  the  N-S  runway  ^pavement  aesignaTiion  no.y,  1^4*  * — 

condition  vith  a minor  amount  of  the  slabs  containing  structural  defects.  -The  pavements 
constructed  in  1956  and  1957  were  in  excellent  condition.  In  general,  the  taxilanes  on 
aprons  T,  S,  and  0,  apron  E. taxiway,  and  taxiway  D are  in  poor  condition,  and  continued 
use  by  heavy  aircraft  may  damage  the  pavements  sufficiently  to  hinder  future  normal  air- 
craft operations.  , ■ . 
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5 The  purpose  of  this  report  is  to  revise  and  bring  up  to  date  the  McClellan  Air  Force  Base 
i evaluation  report,  dated  Kay  1958,  by  evaluation  of  pavements  constructed  at  thi’s  -airfield 
3 since  1957-  These  pavements  (constructed  in  1958-59  under  the  supervision  of  the  U.  S. 

5 Army  Engineer  District,  Sacramento,  and  the  Air ‘Force  Installation  Engineer)  are  shown  in  _ 

r.  fig.  1.  ' 
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r M.  ac»ta*c  t 


I The  purpose  of  this  report  is  to  revise  and  bring  up  to  date  the  McClellan  Air  Force  Base 
\ evaluation  report,  dated  Dec  1959,  by  evaluation  of  pavements  constructed  at  this  airfield 

H since  August  1959.  These  pavements  (constructed  in  the  latter  part  of  1959.  under  the  super 

j vision  of  the  U.  S.  Army  Engineer  District,  Sacramento)  ere  shovn  in  fig.' 1. 
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|ia.  aPONSOHlNC  miuitahy  activity 

il.  S.  Pjrmy  Ensineer  District,  Sacramento 
Sacramento,  California 


A visual  inspection  of  all  pavements  in  December  1957  shoved  them  to  be  in  excellent  to  fa 
condition.  The  pavements  on  both  runways  were  in  excellent  condition  with  the  exception  t 
'a  blicht  settlement  at  the  rigid-flexible  Joint  on  the  primary  runway.'  Pavements  in  the 
taxiway  area  designated  T-25  (fig-  l)  contained  numerous  slats  with  structural  defects.  1 
taxiway  T-29,  the  longitudinal  joint  25  ft  right  of  the  center  line  had  rayeled  the  entire 
length  of  the  taxiway.  Pavements  in  areas  designated  T-23  and  T-26  were  in  excellent  con- 
dition. Portions  of  the  pavement  On  the  north  end  of  taxiway  T-10  eontained  slabs  that  we 
badly  cracked.  In  general,  the  pavements  necessary  for  operrition  of  the  field  contained  n 
undesirable  defects  that  would  hinder  normal  aircraft  operations.  . a 
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I 13.  3P0N30RINC  MI1.ITAHV  ACTIVITY 


I U.  S.  Army  Engineer  District,  Ft.  Worth 
I Ft.  Worth,  Texas 


A visual  inspection  of  the  pavements  in  August  1956  revealed  some  longitudinal  shrinkage 
5 cracks  on  the  runway  and  evidence  of  a small  amount  of  fuel  spillage  on  the  north  parking 
~ apron;  however,  the' facilities  were  in  a generally  satisfactory  condition.  Facilities  neces- 
; sary  for  operation  of  the  field  contained  no  undesirable  defects  that  would  hinder  normal- 
' aircraft  operations.  ' 
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U.  S.  Aray  Encineer  District,  Savannah 
Savannah,  Georcia 


. This  report  summarizes  data  contained  in  previously  published  reports  and  ob'.air.e; 
during  construction  of  the  airfield 'pavements  at  Moody  Air  Force  Base.  The  purpose  of 
this  -report  is  to  determine  the  load-carrying  capacities  of  the  pavements  with  respect 
to  various  landing  gear  assemblies.  The  report  includes  a.ll  available  information ' re- 
lative to  the  factors  affecting  the  load-carrying  capacity  of  the  runways,  taxiways,  and 
aprons.  It  is  primarily  concerned  with  the  facilities  in  use  in  1957.  ■ 
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1 A visual  inspection  of  all  pavements  in  August  1956  showed  them  to  be  in  fair  j 
j to  excellent  condition.  Minor  cracking  was  noted  in  some  of  the  portland  cement  concrete  j 
■ slabs  on  parking  apron  A.  Numerous  birdbaths  existe'^  in  the  pavement  surface  on  .'.'-S  run-  ! 
.|  way  1.  In  general,  the  pavements  necessary  for  operation  of  the  field  contained  no  . 
i|  undersirable  defects  that  would  hinder  normal  aircraft  operations.  « 
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la.  &P0N30HIHC  Mlk.lT#.HV  ACTIVITY 

U.  S.  Army  Engineer  District,  Sacramento 
Sacramento,  California  .. 


,, . x- recently 

constructed  hea’.’y-duty  pavements  were  In  excellent  condition.  Numerous  "birdbaths"  end  some 
cracking,  of  the  asphaltic  concrete  pavement  were  noted  in  the  parking  area.  The  6-inch 
portland-cement  concrete  facilities  constructed  dui'ing  World  'War  II  were  in  very  poor  con- 
dition as  a result  of  overload.  In  general,  the  facilities  necessary  for  operation  of  the 
field  contained  no  undesirable  defects  that  would  hinder  normal  aircraft  operations. 
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I la.  aroNJoamc  miuitanv  activity 


-'•a.  ...aTn..:T  ^ests  vere  conducted  on  two  designs  of  monent-transicrring  end  Joints  for  steel 
^•airplane  landing  mat  to  determine  their  relative  beam  strength.  One  design,  which  was  sub- 
i;  mitted  by  Mr.  0.  G.  Greulich,  consisted  basically  of  an  overlapping  end  connection  fastened  i 
1 by  two  steel  bars  inserted  transversely  through  slots  in  the  sides  of  the  mat  ribs.  The  other; 
? design,  developed  by  the  Corps  of  Engineers,  consisted  essentially  of  sliding  steel  pins 
i set  in  the  mat  ribs  and  held  In  place  by  steel  cover  plates.  Tests  indicated  the  beam  strerigti 
r of  the  Corpp  of  Engineers  design  to  be  greater  than  that  of  the  Greulich  design.  r 
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, Sacranento 


,i.  AC.4TNACT  A visual  inspection  of  all  the  pavements  indicat,e5  ^he  paver: er.ts  to  be  in  poor  tc 
• excellent  condition.  The  hea^/y  duty  pavements  vere  in  excellent  condition.  Numerous  "bird- 
baths"  and  some  cracking  of  the  asphaltic  concrete  pavement  v-^re  noted  in  the  light-duty 
parking  area.  The  6-in.  portland-ccment  concrete  facilities  constructed  during  World. Var  II 
vere  in  poor  condition  as  a result  of  overload.  -The  newly  constructed  facilities,  alert 
apron  and  stubs,  T and  B apron,  nose  docks,  and  apron  extension,  vere  in  excellent  condition. 
In  general,  the  facilities  necessary  for  operation  of  the  field  contained  no  undesirable 
defects  that  would  hinder  normal  aircraft  operations. 


•KEYWORDS:  Flexible  pavement  performance  and  evaluation  (Airfields);  Ricid  pavement  perfor- 

mance and  evaluation  (Airfields); [Mather  Air  Force  Base,  Sacramento^  Calif.)  ^ 
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» MACT  ^ procedure  is  proposed  for  designing  ana  controlling  the  construction  of  pavement  r 

• for  heavy  airplane  traffic.  The  gyratory  testing  nachine  and  the  proposed  test  procedures  • 
r are  described;  also,  the  proposed  further  development  vith  this  machine  is  discussed  briefly.  * 
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: Distribution  limited  to  U.  S.  Governraent  agencies  only;  January  1974.  Other  requests  for 

: for  this  document  must  be  referred  to  Office,  Cnief  of  Engineers  H^A  (D.AEK-MCE-D) . 


This  report  presents  trie  rcsultr.  oi‘  laboratory  study  of  the  use  of  asbestos  fibers  • 
as  an  additive  in  asphaltic  concrete  paving  mixtures.  Tl.e  purpose  of  the  study  vas  to  de-  j 
te.T^ne:.  (a)  vhether  asbestos  fibc.s  can  be  evenly  distributed  in  asphaltic  concrete  paving  j 
mixtu^'es,  and  if  so,  through  what  process;  ()  the  approximate  quantity  cf  asbestos  fibers  that* 
should  be  added;  and  (c)  the  effects  of  asbestos  fibers  in  asphaltic  concrete  mixes,  especial-; 
ly  in  regard  to  the  rate  of  densifi cation  of  bituminous  mixes  under  high  compaction  efforts.'  i 
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i la.  SPONSOF.INC  miuitanv  activity 


...T..CT  paper  describes  the  Columbus  Air  Force  Base,  Mississippi,  tests  and  results 

together  with  other  information  necessary  for  an  analysis  of  the  test  results.  In  order  to 
5 validate  design  criteria,  the  U.  S.  Army  Corps  of  Engineers  began  accelerated  traffic  tests 
^ on  a portion  of  the  runway  immediately  after  its  construction.  During  the  application  of  this 
» traffic,  several  tests  were  made  with  the  road  vibration  machine.  The  traffic  tests  and  the 
subsurface  conditions  at  the  completion  of  the  tests  are  described  briefly  before  the  results 
'i  of  the  vibratory  tests  are  presented..  This  information  is  included  to  show  the  effects  of 
r traffic  as  measured  by  conventional  tests  for  comparison  with  the  results  of  the  vibratory 
1 tests. 


2 -KEYWORDS:  Accelerated  traffic  tests;  Flexible  pavement  performance  and  evaluation 

J • ' (Airfields);  Vibration  response  tests Columbus  Air  Force  Base,  Mississippi) 
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i.  creating  terai)orary  strain  conditions  for  0.01  to  0.1  second.  Information  about  these  strain  S 
i conditions  can  be' obtained  by  observing  the  movements  of  the  pavement  under  similar  dynenic  | 
i loading  conditions.  Methods  used  for  the  dynamic  investigation  of  pavements,  base  courses,  j 
j and  aubgrades  are  described  in  the  present  paper.  ’ . . J 
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) la.  SPONSOAmC  MILITAHV  ACTIVITY 


, acstaact  ^ visual  inspection  of  Altus  Air  Force  Base  in  September  195b  showed  ell  paveaer.os  i 
; to  be  in  excellent  condition  except  for’ a joint  spall  in  the  central  wii^  of  the  parking  etron* 
; and  two  spall  areas  near  the  nose  docks  in  the  north  wing  of  that  apron.'  Loose  particles  of  j 

i concrete  were  lying  on  the  pavement  in  the  spall  areas  but  the  damage  was  minor  and  needed  5 

! littie  maintenance.  Minor  longitudinal  cracks  were  noted  in  about  10  slabs , (l6-inch  portland-j 

; cement  concrete)  in  the  operational  apron.  Taxiway  10,  from  the  north  wing  of  the  parking  ' | 

! apron  to  the  abandoned  E-W  runway,  was  in  poor  condition  as  a result  of  overload  from  B-c2  f 
aircraft.  The  taxiway  had  been  patched  many  times  by  installations  engineer  personnel  during  i 
the  period  when  taxiway  11  was  being  reconstructed.  Taxiway  10  was  the  only  active  taxiway  | 
from  the  apron  area  at  this  time  and  had  to  be  kept  in  repair  in  order  that  operations  could  .j 
■be  continued  at  the  base.  • . 0.  j 
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U.  S.  Amy  Rnpineer  District,  Tulsa 
Tulsa,  Oklahoma 


^ ***^^i'his  report  summarizes  data  contained  in  previously  puDlishea  reports  concernir.t;  tr.e 

:airfield  pavements  at  /dtus  Air  Force  Base.  The  purpose  of  this  report  is  to  deteraine  the  | 
i load-carrying  capacities  of  the  pavements  with  respect  to  various  landing  gear  assemblies  and  j 
^life  categories.  The  report  includes  all  available  information  relative  to  the  factors  affect-^ 
”’ing  tuf*  load-carrying  capacity  of  the  runways,  taxiways,  and  aprons.  The  p^verae^ts  constructed^ 
J during  the  period  1952-1958  are  evaluated  on  the  basis  of  tests  made  for  design  and  constructiod 
purposes;  no  special  tests  were  made  for  this  evaluation.  * » 
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i performance  and  evaluation  (Airfields ) ;x, [Altus  Air  Force  Base,  Altus,  Oklahoma] 
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A visual  inspection  of  all  pavements  in  June  1959  showed  them  to  be  in  excellent  to 
poor  condition.  The  191*2-43  portleind-cement  concrete  pavements  (parking  apron,  IlE-So' 
runway,  and  taxiways  II,  III,  and  V)  that  are  considered  to  be  operational  at  the 
present  time  were  in  poor  condition.  After  a period  of  abnormal  rainfall  in  1957, 
alkali-aggregate  reaction  had  severely  deteriorated  the  portland-cement  concrete 
In  these  facilities.  Deterioration  is  more  pronounced  in  areas  of  poor  drainage, 
where  it  has  progressed  to  the  extent  that  the  pavements  are  considered  failed  end 
an  operational  hazard.  The  worst  area  of  deterioration  was  noted  on  the  parking 
apron.  Operation  of  jet  aircraft  should  be  restricted  on  these  pavements  because 
of  the  damage  that  could  be  done  to  the  jet  engines  by  loose  debris  on  the  pavement 
surface.  Commercial,  propeller-type,  aircraft  (DC-3)  are  utilizing  the  parking 
apron  for  operations.  The  pavements  constructed  in  1957-55  are  in  excellent  con- 
dition. A few  cracks  that  occurred  at  the  joints  prior  to  sawing  were  noted  in  one 
lane  on  taxiway  VI. 
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performance  and  evaluation  (Airfields);  [Davis  Air  Force  Base,  Muskogee, 
Okla.] 
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‘u.  A4.9TNAC7  v.’aterways  ihcperimerit  Station  (\ 

r.'.--S)  was  requested  to  assemble  irn'ormaticr.  on  ; 

C • Bicchaiiical  hanirriers  and  to  institute  a test  proj^ram  that  would  permit  comparison  of  the  compact- 
• ion  obtained  with  sliding-weight  and  sleeve-type  hand  hammers.  This  paper  presents,  this  in-  i 
formation  and  the  comparative  test  results. 
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IS  oeiievea  t-nat  li  proper  cognizance  is  given  to  tne  basic  design  consider- 
ations discussed,  as  well  as  to  the  other  design  considerations  noted  in  this  pane*',  a satis- 
factory heavy-duty  flexible  pavement  can  be  designed  by  utilizing  the  CBR  method  for  the  over- 
all pavement  and  the  Marshall  method  for  the  bituninous  concrete.  However,  good  equipment  and 
construction  procedures  are  necessary  to  insure  that  specification  requirements  are  net  and 
satisfactory  pavements  constructed.  Insofar  as  load-carrying  capacity  is  concerned,  it  is 
considered  that  flexible  pavements  are  entirely  satisfactory  for  the  interior-  portions  of 
runways  of  heavy-duty  airfields.  Further,  it  is  believed  that,  exclusive  of  blast  and  fuel- 
spillage  areas,  satisfactory  flexible  pavements  can  be  designed  for  the  heavier-traffic  areas 
of  runways  and  tajciways.  However,  some  additional  field  and  laboratory  research  is  needed  in 
this.  area. 
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pj.  AC.»THAcr  I’ho  tests  reported  heroin  are  part  of  a general  study  of  pipe  action  under  load.  j- 
J -The  study  includes  model  analysis  of  the  many  variables  end  conditions  pertaining  to  the  pro-  ] 
i;  blem,  and  prototype  testing  to  help  translate  results  from  the  model  studies  to  full-scale  ’ 

•j  design  criteria  for  drainage-pipe  installations  beneath  airfield  facilities  and  roads.-  The  | 

^ tests' being  reported  wore  directed  particularly  toward  assessing  the  effect' on  a shallow-  , | 

J buried,  flexible  pipe  of  repeated  passage  of  a heavy  wheel  load  simulating  an  aircraft  landing  : 
ij  gear.  • | . 
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. V,  i 
1 

Ceulifornia,  was  subjected  to  traffic  applied-  with  a test  load  cart  having  a gross  weight 
280,000  lb  and  carried  on  a twin-twin  gear  asseiably.  Tire  inflation  pressures  ranged  bc-v-'-een 
275  and  325  psi.  The  primary  objectives  of  traffic  were  determine  (a)  whether  the  soil 
stredgth  of- the  lake  bed  was  adequate  tp  support  a load  of  this  magnitude, -and  (b)  the  effect 
of  load  repetition  on  the  load-carrying  capacity  of  the  soil.  It  was  also  desired  to  deterd 
mine  the  rate  of  pressure  build-up  that  might  be  expected  in  tires  Inflated  with  air  only  end 
towed  over  a prescribed  route.  The  traffic  resulted  in  some  settlement  of  the  soil  and  also 
the  displacement  of  a friable  crust  of  varied  thickness  in  some  of  the  areas  tested. 
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A visual  inspection  of  the  Sheppard  AFB  pavements  in  August  19^9  shoved  them  to  be 
in  poor  to  excellent  condition.  An  appreciable  amount  of  cracking  vas  noted  on  the 
parking  apron  and  on  taxi  ways  1-5 > therefore,  these  pavements  are  considered  to  be  in 
poor  condition.  Birdbaths  and  a few  cracks  were  noted  in  the  flexible  pavement  on 
the  E-W  runway  and  the  south  end  of  the  original  east  K-S  runway;  these  pavements 
are  being  used  as  taaiways  at  the  present  time  and  are  considered  to  be  in  fair  con- 
dition. Parking-apron  extensions  I,  II,  and  III  are  considered  to  be  in  good  con- 
dition with  only  minor  cracking  noted  thereon.  The  vest  IJ-S  runway  and  taxivays 
6,7>  aJid  8 are  considered  to  be  in  good  condition  with  only  a few  longitudinal  cracks 
noted  along  the  construction  Joints  and  a slight  depression  on  each  side  of  the 
center  line  on  the  north  end  of  taxivay  8.  All  pavements  constructed  in  1958-59  arc 
considered  to  be  in  excellent  condition. 
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jij.*a»iMACT  A visual  inspection  of  Robins  AFB  in  August  19b9  shoved  all  pavements  x.o  be  in 
'excellent  to  fair  condition.  The  original  portland-cement  concrete  pavements  constructed  in 
i 191*2-1*1*  on  taxiways  A and  B (pavement  designations  32  and  28)  and  on  the  AMC  parking  apron 
I (pavement  designations  25,  26,  27,  and  33)  were  in  fair  condition  with  a small  number  of  slabs 
I containing  structural  defects.  The  AMC  pavements,  constructed  or  strengthened  in  1951-56  were 
; In  excellent  condition.  The  37.5-ft-wide  shoulders  on  each  side  of  taxiways  1,  2,  3,  and  6 
I (pavement  designations  9,  l6,  and  18), which  had  been  overlaid  with  a transition  section  of 
' asphaltic  concrete  varying  in  thickness  from  2 to  8 in.,  contained  reflection  cracks  from  the 
: Joints  of  the  underlying  portland-cement  concrete  pavement.  The  reflection  cracks  appeared 
not  to  have  reached  the  surface  where  the  asphaltic  concrete  became  approximately  6 in.  thick. 
The  newly  constructed  SAC  pavements  also  were  in  excellent  condition.  Each  of  five  slabs-; 
located  on  taxiway  7 and  the  operational  apron,  contained  an  uncontrolled  transverse  crackOv 
In  general,  the  pavements  necessary  for  operation  of  the  field  contained  no  defects  that  would 
‘hinder  normal  aircraft  operations.  , 
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• This  report  describes  and  gives  the  results  ef  a study  conducted  to  obtain  in- 

formation  on  the  lateral  distribution  of  the  traffic  of  B-lt7,  E-52,  KC-9Y,  and  KC-135  type 

; aircraft  on  runvays  during  take-offs  and  landings.  The  airfields  at  which  the  traffic- 

3 distribution  survey  was  made  were  Dyess,  Altus,  McCoy  (formerly  Pinecastle),  KacDill,  Home- 
j stead,  lori'ng,  and  Castle  Air  Force  Bases.  All  runways  were  200  or  300  ff  wide  except  the 

- one  at  MacDill  AFB  which  was  JOO  ft  wide.  ... 
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;vj.  ^a»T«.ACT  This  paper  presents  the  results  of  tests  siade  with  the  Shell  road  vicraticr.  nachir.e 
which  furnish  some  measure  of  the  accuracy  of  the  method  and  some  indications  of  its  potential 
. usefulness  and  limitations.  The  machine  and  the  method  of  operation  have  been  described  ♦ 

T fully  in  the  paper:*  in  the  list  of  references,  and  only  the  basic  elements  will  be  discussed 
In  this  paper.  J 
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A visual  inspection  or  Reese  AFB  in  Auf^ust  1959  shoved  the  pavements  to  be  in  fair  to 
excellent  condition.  The  general  condition  of  each  individual  pave.xent  is  shovn  in 
fig.  U.  The  ma.;ority  of  the  longitudinal  cracks  appeared  to  be  along  the  construe: ion 
Joints  in  the  asphaltic  co.ncrete.  In  general,  the  pavements  necessary  for  oneraticn 
of  the  field  contain  no  defects  that  would  hinder  normal  aircraft  operations. 
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e purpose  01  t,nis  reporx.  is  lo  oring  tr.e  evaj.uat.ion  01  sanies  Cor.naliy  air  rorce 
Base  up  to  date  by  evaluation  of  the  pavements  constructed  there  since  1956.  These  pavements 
(which  were  constructed  in  1959  under  the  supervision  of  the  U.  S.  Army  Engineer  District, 
Fort  Worth)  consist  of  an  1800-ft  extension  to  the  north  end  of  N-S  runway  2,  the  north  peri- 
metei*  taxiway,  the  north  connecting  taxiway,  the  warm-up  apron  designated  north  warm-up  apron 
Mo.  2,  and  the  1000-ft-long  overrun  and  blast  area  located  at  each  end  of  K-S  runway  2.  This 
is  a fined  report  revising  the  previous  James  Connally  AFB  evaluation  report  .dated  May  1958. 
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.'.■p'oVtwact  purpose  of  this  report  is  to  bring  the  evaluation  oi'  t.ne  airfioic  } avrs.ents  a^ 

Hunter  Air  Force  Base  up  to  date  by  evaluation  of  the  pavements  constructed  there  si.nce  1956. 
, Those  pavements  (vhlch  vere  constructed  in  1957  and  1959  under  the  supervision  of.  tne  U.  S. 

^ Army  Engineer  District,  Savannah,  and  the  Installation  Engineer  Office  at  Hunter  AF3)  consist 
•:  of  taxlvay  6 and  the  alert  taxivay  and  aprons,  and  repairs  to  taxivay  5 and  the  runvay 
; (sta  0+00  to  105+00).  This  is  a final  report  revising  the  previous  Hunter  AFB  evaluation 
S report  dated  April  1958- 
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This  paper  summarizes  the  resouts  oi  compaction  stuuies  conUuctea  oy  t 
■search  Laboratory,  Harmondsworth  England-  The  Road  Research  Laboratory  has  been  engaged  in  a 
comprehensive  soil  compaction  research  program  since  19^5-  The  compaction  studies  have  been 
conducted  under  controlled  conditions  and  have  utilized  most  types  of  compaction  equipment 
available  to  the  engineer  in  the  British  Isles.  All  tests  have  beem  made  on  the  same  range 
of  soils  using  the  same  test  techniq.ues  so  that  direct  comparisons  can  be  made  between  the 
performance  of  the  various  types  of  plant.  ' ’ • 
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Since  tlic  Corps  of  Engineers  has  an  active  prograni  :'or  investigating  a:.a  preparing  : 
•guide  specifications  for  new  naterials  designed  to  produce  pavenents  that  will  satisfactorily  ! 
withstand  Jet  aircraft  operations,  arrangements  were  nade  for  Waterways  Experiment  Station  i 
(WES)  personnel  to  observe  the  placement  of  and  perfons  certain  tests  on  the  epoxy  resin-  j 
asphalt  overlay  at  Homestead  AFB.  This  report  describes  these  observations,  and  tests.  < 
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This  paper  describes  the  development  and  validation  of  criteria  for  determining 
soil-strength  requirements  in  unsurfaced  soils  for  operation  of  aircraft. 
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A&>T»iAC7  Three  separate  areas  of  soil  subgrado  were  surfaced  with  a reinforced-plastic  lami-  J 
■ nate  produced  by  spraying  one-third  chopped  glass  fibers  and  two-thirds .resin  directly  on  the  | 
ground  and  compressing  the  material  with  a roller  into  dense  laminates  which  cured  to  a rigid  ; 
j state  in  a few  hours.  In  one  area,  a ll4-dcgree  slope  of  natural  soil  was  covered  with  laminatf 
and  subjected  to  the  heat  and  blast  of  a F-8^4  Jet  engine.  In  the  other  two  areas,  prepared  . j 
subgradcs  with  surface  CBR's  of  h and  J^O  were  subjected  to  traffic  of  a 50>000-lb  single-wheel- 
! load  with  tire  pressure  of  200  psi  and  of  a 10,000-lb  single-wheel  load  with  tire  pressure  of  « * 
100  psi,  respectively.  The  various  plastic  laminates  (a)  withstood  satisfactorily  .the  com-  J 
blned  effects  of  heat  and  blast  from  the  Jet  engine  operated  at  full  power  for  a total  of  two  j 
minutes,  (b)  sustained  three  coverages  of  the  50>000-lb  wheel  load  and  failed  on  the  fourth  J 
■coverage,  and  (c)  sustained  2000  coverages  of  the  10,000-lb  wheel  load.  Based  on  results '^of  | 
these  preliminary  tests,  it  is  concluded  that  the  use  of  a fiber-resin  depositor  to  spray  • 
reinforced  plastic  directly  on  a subgrade  to  provide  an  expedient  surfacing  on  military  air-  ^ 
•fields,  roads,  and  missile  sites  is^'easiblo.  It  is  recommended  that  laboratory  and  engineer-^ 
ing  tests  be  conducted  to  establish  conclusively  the  capabilities  and  limitations  of  this  * J 
method  of  providing  expedient  surfacing,  I 
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U.  S.  Array  Engineer  District,  Ft.  Worth 
Ft.  Worth,  Texas 


A visual  inspection  of  Perrin  AFB  in  February  I96O  showed  the  general  condition  of  the 
pavements  to  ra^ge  from  poor  to  excellent.  The  general  conidition  of  each  individual 
facility  is  given  in  fig.  U.  Longitudinal  cracks  and  a few  transverse  cracks  were 
noted  in  the  asphaltic  concrete  of  both  N-S  runways  and  on  the  taxiways.  Most  of  the 
longitudinal  cracks  were  along  the  construction  Joints  in  tlie  asphaltic  concrete.  In 
areas  where  severe  cracking  had  occurred,  the  asphaltic  cotacrete  had  been  removed  end 
replaced  with  new  asphaltic  concrete.  The  patched  areas  appeared  to  be  satisfactory  at 
the  time  of  the  inspection.  The  portland-cement  concrete  am  the  ends  of  the  west  II-S 
runway  appeared  to  be  in  good  condition.  The  new  portland-cement  concrete  on  the 
parking  apron  and  on  the  aircraft  weapons  calibration  faciEity  was  in  excellent  conditior. 


KEYWORDS:  Flexible  pavement  performance  and  evaluation  (Airfields);  Rigid  pavement 

performance  and  evaluation  (Airfields);  [Perrim  t It  Force  Base,  Sherman, 

Texas] 


rouM  X ..  —7 .n  00  .0...  i.Ti.  I ...  ...  ...CM  *. 


UncJassifled 

SRCynhr  C)a4sifi« 


174 


0 c j. r cs.i/rvDu  • ;c  w*  j 

• ■ t ii'‘f  i. - I • tin  i •■•r .-/t  .-••i  •/  ••••  —ht  . 

U.  G.  <\3v,  y V.  •.ir.cov  '.■■./ocn;_yo  KAXiori'-cnt  Stt-tion  _ 

Vlc.:Sour^:, 


Uriel.'.. r;cii'it..~. 


; AiKpiiiD  TYiVii-air?  hv.au.Yi’iori;  vsbb  aih  forcs  b/vSe,  big  gpri;;c,  tk/as,  /jjd  ai’k::mx  a: 
I STUDIES  f-y.DS  FOR  EVALUATIOH 

« 4.  04.i  NOTJ.i  (Typo  o!  oiul  i(ic/u-4l  V* 

».  *u  (.-'l/St  r.4A«.  C1ICJ««  iri*t  t\oc\o) 


• «.  OaTJ 

' June  i960 
;'3^r’To»r7"a*^rT~o^r’c*rx»rTNoT^ 


7«.  TOTAC  t.w.  ov  PACiiS  76.  HO.  OP  R£F» 

3 end  1^» 

|64.  OHlCmxTOH*a  K£A»OKT  NCMBCai** 


6.  pAojecT  NO. 


: to.  OiSTAiaoTtON  STaTZUeIN 


Miscellaneous  Pacer  ^<r3£.§ 

06.  riZv'OAT  NO(3)  (Ar./  oUi*t  cioy  £>«««• 

thta  toportj 


\ Approved  Cor  public  release;  dis-tribu-cion  unlimited. 


^ V P P w Z N T A A V NOTZa 


s.  AINO  MI1.ITAKV  ACTIVITY 


U.  S.  Anriy  Bn^inecr  District,  Ft.  V'orth 
Ft.  VJorth,  Texas 


to.  AEtsTRACT  visual  inspection  of  Webb  A5'B  in  February  19<50  shoved  the  pavenients  to  be  in 
fair  to  excellent  condition.  The  majority  of  the  cracking  appeared  to  be  occurring  alcr. 
the  construction  Joints  in  the  asphaltic  concrete.  Both  longitudinal  and  transverse 
cracks  vere  noted  on  the  west  fl-S  runway,  and  the  remainder  of  the  flexible  pavement  cr. 
the  vest  N-S  runway  and  the  flexible  pavement  on  the  east  II-S  runway  are  considered  to  b 
in  good  condition.  Longitudinal  cracking  was  noted  along  the  construction  Joints  on  the 
flexible  pavement  taxiways.  At  the  time  of  the  February  I960  inspection,  the  cracks  in 
the  flexible  pavement  had  been  routed  and  sealed  with  a joint  sealing  material.  Shrinks 
cracks  and  some  corner  breaks  vere  noted  in  the  portland-cement  concrete  pavements  that 
had  been  constructed  in  19^*2.  All  other  portland-cemcnt  concrete  pavements  appeared  to 
•in  excellent  condition. 


j KEYWOtoS:  Flexible  pavement  performance  and  evaluation  (Airfields);  Rigid  pavement 
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!’  U.  S.  Army  Engineer  District,  Savannah 

Savannah,  Georgia  j 

£13.  Az.TMACT  A visuai  inspection  oz'  tawsor.  field  i.a  Abrch  l$bu  si:oved  the  pavements  so  be  in  ‘ 

I poor  to  excellent  condition.  The  poi  iland-cecent  concrete  pavements  that  were  6 in.  thir/., 
^ had  cracked  badly,  and  the  cracks  had  been  sealed,  parking  apron  1 extension,  which  was 
: constructed  of  7 in.  of  portland-cement  concrete,  was  in  good  condition  with  only  about 
)i  5 to  10?  of  the  slabs  containing  major  defects.  The  portland-cement  concrete  pavements  j 
y constructed  since  1956  (access  aprons  and  wash  racks ) were  in  excellent  condition.  The  : 
3 flexible  pavement  on  the  runways  and  taxiways  was  in  fair  to  poor  condition,  the  asphaltic; 
' concrete  surface  containing  numerous  birdbaths,  map  cracks,  and  open  construction  Joints.  | 
\ This  condition  appeared  to  be  prevalent  on  all  the  flexible  pavements  except  the  .T./-SE  j 
runway  where  open  Joints  appeared  to  be  the  major  cause  of  cracking.  The  defects  are  not  • 
considered  severe  enough  at  this  time  to  impair  the  load-carrying  ability  of  the  pavementsl 
At  the  time  of  this  survey,  the  asphaltic  concrete  surface  had  not  been  placed  on  the  heli-j 
' port  parking  areas  or  taxiway  8 extension.  j 
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^ performance  eind  evaluation  (Airfields);  [Lawson  Army  Airfield,  Fort  Ber.ning,  ! 
j Georgia]  i 
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j Tort  V/orth,  Texas 

5 . 

tij'.'AWr'incT  A Visual  inspection  was  laaae  Oi'  she  Facilities  in  January  19^1-  Ho  visual 
defects  verc  noted  in  the  surface  of  the  pavement  except  where  the  rigid  pavement  and  t 
i flexibie  pavement  joined.  Reflection  cracks  were  ncted  in  the  asphaltic  concrete  over 
^ each  Joint  in  the  underlying  portland-cenent  concrete  slabs,  and  these  cracks  extended 
ij  entire  length  of  the  buried  slab  (10  I't).  However,  since  these  cracks  appear  only  in  a 
'■  very  small  area  of  the  pavement  and  do  not  affect  the  load-carrying  capacity  thereof,  a 
5 the  pavement  is  considered  to  be  in  excellent  condition. 


I KEYWORDS:  Flexible  pavement  performance  and  evaluation  (Airfields);  Rigid  pavement 

1 performance  and  evaluation  (Airfields);  (Reese  Air  Force  Base  Auxiliary 

^ Airfield,  Terry  Co,,  Texas] 


t N</V  A y ^ C.-.40U-T-I  < 


^*cunr/  Ci^AAUicaisan 


177 


r 


Unclassified 


J DCCU^cNT  CONfSOU  DATA  . ^ D 

1 fSrei.flzrtln  ttU  t,  t't'rlte  oi  nitwit  .tcl  miJ  im!  f ^InJ  .innitZ  tfli'tl  rm  t!  h t anl^’zit  vrli^n  th^  fv  if  til 


'.I.  kJ'Oi'NAfiNw  *C»IV»fV  /A,  MLMOHf  «•■.  CUHIff  CCA^9lf^lC*TlO*« 

j U.  S.  Army  Enfjineer  Waterways  Experiment  Station  Unclassified  _ __  __  

I Vicksbure,  Mississippi 

t - . ■ . ■ t — > — . - ■^■— . 

p.  H«.>‘d  <r  ti  ru:? 

I EfFBCT  OF  HFJVVY  VniKKI,  LOADS  ON  12-IN.-DIA!ffiTER  RIGID  PIPE  UNDER  VARIOUS  DEPTHS  OF  CSV 


jd.  3C*«r»«i»»Tive  NOTE*  (TVp*  ol  r«poti  »nd  ln<tu*iv» 


In  order  to  develop  design  criteria  for  drainage  pipe  installations  beneath  airfield 
facilities  and  roads,  six  sections  of  12-in. -diameter  standard-strength  clay  pipe  ver 
installed  under  soil  layers  ranging  from  12  to  h2  in.  in  thickness,  and  traffic-teste 
with  25-  and  50-kip,  100-psi-tire  pressure,  single-whccX  loads.  In  addition,  sever, 
sections  of  pipe  were  subjected  to  load  tests  in  the  lal>oratory  to  determine  their 
crushing  strength.  The  tests  indicate  that  current  cover  requirements  are  conservati 
About  12  in,  of  cover  is  adequate  to  protect  the  pipe  from  a 25-kip  load  and  about  2;^ 
in.  from  a 50-kip  load.  Also,  a loading  substantially  r.ore  severe  than  that  requires 
to  crack  a rigid  pipe  is  required  to  crush  it.  On  the  other  hand,  a pip^^  partially  - 
initially  cracked  by  overloading  can  be  further  cracked  by  application  of  a substan- 
tially smaller  load  than  that  causing  the  initial  cracking. 
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The  U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES  was  requested  to  conduct  a 
condition  survey  of  the  existing  flexible  pavements  on  the  runway  and  taxiway  and  to 
maXe  recommendations  for  resurfacing  them.  The  field  test  program  for  the  runway  and 
parallel  taxiuay  had  been  established  by  representatives  of  the  Omaha  District  and 
the  WES  on  a prior  inspection  of  the  pavements.  Description  of  pavements,  field  test 
and  sampling,  and  test  results  are  given. 
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j Istics  that  will  provide  support  of  a given  aircraft  load  without  overloading  an  airfielo  , 
i of  stated  strength.  Six  classes  of  airfields  arc  defined  to  which  the  curves  presented 
1 specifically  apply.  ^ . ' 


I . 
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.... uurinc  the  period  20-23  Octooer  lyol,  11,000  sq  yd  of  epojcy-asphalt  ocr.crete 

pavement,  approximately  1 in.  thick,  was  placed  at  Patrick  Air  Force  Base,  Cocoa,  Fla. 
The  Job-mix  formula  for  the  paving  mixture  was  prepared  by  the  Waterways  Experiment  Sta- 
1 tion,  and  personnel  of  WES  observed  the  pavement  construction.  This  report  presents  a 
3 brief  r^sumS  of  the  paving  operations. 
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Office,  Chief  of  EnjineerF 
Vashincton , D.  C.  ?031^ 


A basic  imderstanding  of  hov  soft,  yielding  soils  support  and  provide  traction  tt 
wheeled  and  tracked  vehicles  roust  be  developed.  One  phase  of  the  research  boir.r 
conducted  at  the  U.  S.  Arroy  Engineer  Waterways  Experiment  Station  to  acquire  this 
knowledge  is  concerned  with  the  distribution  of  stresses  induced  by  a pneumatic 
tire  in  the  medium  on  which  it  operates.  It  includes  the  measureaent  of  stresses 
at  the  interface  between  the  tire  and  the  surface  that  supports  it  and  at  locations 
within  a yielding  mass  of  soil.  This  paper  describes  results  obtained  from  that 
portion  of  the  research  dealing  with  the  interface  stresses  beneath  a pneumatic 
tire  on  an  unyielding  surface. 
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Jtj.  <jsT;i»cTpjje  purpose  of  this  paper  is  to  point  out  those  factors  in  flexible  pavenent 
design  and  construction  that  are  most  critical  and  often  overlooked.  Only  engineering 
phases  are  discussed.  No  attempt  will  be  made  to  point  out  detailed  remedies.  It  is  be 
- lieved  that  in  each  case  there  are  practical  and  economical  ways  and  means  of  overcoming 
the  critical  problems.  Corps  of  Engineers  criteria  for  roads  and  streets  have  recently 
been  revised  to  permit  treatment  of  heavy  loads  and  high  traffic  intensities.  The  foil: 
Ing  items  are  discussed  specifically:  route  selection;  fills,  cuts,  and  transitions, 

backfills;  subgrade;  subbase;  shoulders;  base;  and  bituminous  wearing  surface.  In  addit 
J ion,  critical  problems  associated  with  more  general  features  are  discussed. 


KEYWORDS:  Flexible  pavement  construction;  Flexible  pavement  design  (Highways) 
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I it  for  use  in  testing  bituminous  paving  mixtures.  It  was  apparent  from  the  boginnir.g,  | 
J however,  that  the  machine  would  also  be  especially  well  suited  for  testing  soils.  Conse-  j 
.1  quently,  work  has  been  initiated  to  develop  the  machine  for  use  in  soil  testing,  ana  earlyj 
•i  Indications  are  highly  promising.  The  tests  reported  nerein  were  of  a preliminary  navure,; 
serving  only  to  permit  a feasibility  study  of,  and  as  background  for  a comprehensive  in- 
vestigational program  on  the  use  of  the  gyratory  machine  for  soil  testing. 
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i”' ‘'""“Tpaj-ts  of  two  proposed  runways  located  in  the  alkali  flat  area  of  W 
Missile  Range  were  subjected  to  traffic  applied  with  a test  load  cart  having  a a^in’p 
^ross  weight  of  280,000  lb  carried  on  a twin-twin  gear  assembly  having  a tire  inflation 
.jpressure  of  approximately  300  psi.  The  primary  objectives  were  to  determine  (a)  the  Icai- 
•jcarrying  capacity  of  the  area  in  regard  to  current  Air  iorce  aircraft,  (b)  the  effect  of 
^repetitive  traffic,  and  (c)  an  evaluation  of  the  area  for  the  operation  of  skid-mounted 
^vehicles.  Repetitive  traffic  provided  additional  strength  to  the  soil  by  compacting  the 
loose  surface  sand  and  increasing  the  density  in  the  underlying  material.  Comparative 
Hests  conducted  at  the  Waterways  Experiment  Station  with  wheeled  and  skid-mounted  vehicles 
^having  ec^ual  loads  and  contact  pressures  indicate  that  skids  will  produce  more  soil  dis- 
dplacement  than  wheels.  The  magnitude  of  this  increased  severity  was  not  completely  de- 
.■fined  by  the  tests.  Compaction  of  the  surface  layer  will  substantially  reduce  the  depth  ■ 
jof  rutting  produced  by  wheels  or  skids. 


KEYWORDS:  Aircraft  loads;  Airport  runways;  Traffic  tests;  Unsurfaced  runway  performance  j 
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j ’Representatives  of  the  Federal  Aviation  Agency  reported  that  serious  deleterious 

faction  has  occurred  to  epoxy  asphalt  pavenents  frota  spillage  of  Skydrol  fluids,  which  are 
'■hydraulic  lubricating  fluids  for  jet  engines.  This  report  describes  a brief  series  of 
•jtests  made  to  investigate  the  detrimental  effects  of  spillage  of  Skydrol  fluids  on  epoxy 
jlasphalt  concrete  pavements.  The  investigation  consisted  of  tests  conducted  in  the  lab- 
-atory  and  tests  conducted  on  an  epoxy-asphal t-concrete-paveraent  test  section  on  the  Water- 
-ways Experiment  Station  (WES)  reservation. 


SkEYWORDS:  Epoxy-asphalt  concrete;  Flexible  pavement;  Jet  fuel  spillacc  (Pavements); 

[Skydrol  fluids] 
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i The  tests  being  reported  here  were  directed  at  one  element  of  the  problem  of 

imixed  loads,  that  of  occasional  to  frequent  overloading  of  a flexible  pavement  with  load 
jffluch  larger  than  the  design  load.  This  has  application  both  to  emergency  use  by  hea'vy 
.'iaJrcraft  of  airfields  designed  for  light  aircraft,  aind  to  tise  of  farn-to-mar.ket  roads 
^by  heavy  construction  or  missile-site  service  vehicles.  T!hese  tests  constitute  apart  of 
i{B  comprehensive  investigation  being  conducted  at  the  U.  S.  Army  Engineer  Waterways  Exper 
iment  Station  relative  to  development  of  design  criteria  for  Army  airfields  and  heliports 


r."i.jVT«ACT  is  no  loncer  adequate  to  design  a pavement  for  a single  selected  lead,  since 
load  repetition  and  various-veight  loads  have  proved  to  be  importan-  considerations. 
There  is  the  problem  then,  of  what  load  to  select  as  representative  of  the  entire  range 
of  3oads  using  our  highways,  from  passenger  vchiclet  to  overHoaded  tr"jck-trailer  com- 
binations. The  Corps  of  Engineers  has  developed  a revised  riOthod  of  thickness  design 
for  highway  pavements  which  permits  direct  treatment  of  any  range  of  loads  or  any  , - 
degree  or  intensity  of  use.  The  purpose  of  this  paper  are  to  explain  the  essential 
elements  of  this  revised  method  and  to  demonstrate  its  use  and  versatility. 


; KEYWORDS:  Flexible  pavement  desip.n  (Hishways);  Load  tests  (Pavements);  Pavement 

■ thickness;  Traffic  volume  (Passes) 
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ri).  Ju^^LCMEWTARy  NOTES 


1 IS.  sponsorino  mili  r ah  V activity 


A new  compaction  procedure  using  the  gyratory  compactor  is  proposed  for  determining 
densities  to  be  specified  in  the  construction  of  embankments  and  bases  for  flexible 
pavements.  The  procedure  now  used  by  the  Corps  of  Engineers,  based  on  the  AASHO 
compaction  test  as  modified  by  the  Corps  of  Engineers,  is  not  only  elaborate  but  has 
proved  inadequate  in  some  instances,  particularly  in' cohesionless  soils.  The  proposed 
procedure  is  intended  to  provide  for  the  variation  in  load  with  depth  directly  by 
using  the  theoretical  vertical  stress  induced  at  selected  depths  by  the  design  load; 
it  is  also  much  more  simple  than  the  present  procedure.  This  report  gives  the  proposed 
procedure  and  describes  laboratory  tests  in  which  the  procedure  is  used  to  determine 
the  required  construction  density  for  four  cohesionless  materials  which  had  previously 
been  used  in  construction  of  two  test  sections.  A good  correlation  was  obtained  betwee.-. 
the  gyratory-computed  densities  and  the  densities  of  samples  obtained  from  the  test 
sections  after  traffic  had  been  applied.  This  correlation  is  better  than  that  between 
the  field  densities  and  densities  obtained  with  the  current  design  procedure.  Although 
the  data  are  limited,  the  new  procedure  appears  to  show  promise  of  providing  a means  of 
establishing  compaction  requirements  for  cohesionless  materials  that  will  result  in  pre- 
vention of  excessive  settlement  in  flexible  pavements. 

KEYWORDS:  Base  courses;  Flexible  pavements;  Gyratory  compaction  tests;  Gyratory  method 

design  (Pavements);  Subbases  v 
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12.  »r'ONiO<i4NO  MtLiTAHv  Acnvirr  4 

M3.  *aiTHACT  The purposfci  Of  this  investigation  were  to  evaluate  the  aecuracy,  dependability, 
land  ruggedness  of  the  surface-type  nuclear  meters,  and  to  determine  if  the  development  of 
iJLhese  instruments  is  such  that  they  may  be  used  satisfactorily  for  construction  control 
;by  the  Corps  of  Engineers,  particularly  in  the  construction  of  airfield  facilities.  The 
•investigation  was  aivided  into  two  major  parts.  The  first  was  a laboratory  program  de- 
signed to  determine  the  volume  of  soil  surveyed  by  these  instruments  and  to  evaluate  the 
accuracy  of  the  calibration  curves  supplied  by  the  manufacturer.  The  second  part  was  a 
/icld  study  to  evaluate  the  equipment  in  terms  of  (a)  its  ability  to  withstand  the  usage 
,jto  which  it  would  be  subjected  when  placed  in  field  service,  and  (b)  its  overall  accuracy 
JUnder  field  conditions.  The  laboratory  phase  of  the  investigation  and  a part  of  the  field 
•investigation  were  accomplished  at  the  U.  S.  .Army  Engineer  Waterways  Experiment  Stauion 
^^Wi;S)  and  are  covered  in  this  report.  , 


j 
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« tt«  wCa*£a  r A AV  NOT£J 


1 12.  kPOHAOAtMa  miwitahv  activiYv 


fii.  A*»TRACT  The  investigation  reported  herein  is  part  of  a study  initiated  in  1953  by  the 
Office  of  the  Chief  of  Engineers  for  developing  adequate  design  criteria  for  nir.imum 
, required  depth  of  cover  over  pipe  installed  beneath  airfield  pavements,  adjacent  shoul- 
j ders,  and  blast-protective  surfaces.  The  depth  of  cover  must  be  adequate  to  prevent 
1 failure  of  the  buried  pipe  and  differential  settlement  of  the  overlying  pavement  under 
j both  dynamic  and  static  loads,  and  particularly  under  loads  induced  by  high-pressure  . 
j tires  and  current  and  future  multiple-wheel  landing  gear  assemblies  with  their  increasing 
I assembly  loads.  Between  1953  and  1957,  the  investigation  was  restricted  to  office  studies 
j and  consisted  of  a review  of  previous  work  done  in  this  field  for  the  Office  of  the  j 
j Chief  of  Engineers,  and  related  work  described  in  the  technical  literature.  In  this  • 
!.  review,  no  adequately  validated,  rational,  and  acceptable  empirical  method  was  found  for  ! 

(determining  design  criteria  for  pipe  cover.  It  became  apparent  that  carefully  performed,- 
large-scale  prototype  field  tests,  supplemented  by  model  studies  and  theoretical  cal-  j 

eolations,  would  be  necessary  to  ascertain  whether  improved  design  methods  could  be  ; 

developed.  j 
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12.  Mlb.jTANV  ACTIVI 


Naval  Air  liaterial  Center 
Philadelphia,  Pennsylvania 


' This  study  was  conducted  to  develop  a CBR  design  curve  for  the  M9M2  landing 
mat  for  16OO  operational  cycles  of  an  aircraft  having  a IV.OOOrlb  single-’wheel  load  and 
a 30-7-7  tire  inflated  to  400  psi.  A test  section  consisting  of  items  with  different 
Eubgrade  strengths  and  surfaced  with  the  landing  mat  was  constructed  and  subjected 

to  accelerated  traffic  of  a 17,000-lb  ringle-wheel  load  with  a 26-6.6,  l6-ply  tire  in- 
flated to  400  psi.  (A  30-7.7  tire  was  not  available  at  the  time  of  the  tests,  and  the 
26-6.6  tire,  which  constitutes  a more  severe  test  condition,  was  used.)  Analysis  of  tlie 
data  obtained  indicates  that  the  M9M2  mat  will  satisfactorily  carry  the  design  traffic 
when  placed  over  a subgrade  having  a CBR  of  11  or  greater.  The  mat  would  probably  per- 
form satisfactorily  on  a subgrade  of  sliglitly  lower  strer^gth  (CBR  of  about  8 tp^  9)  but 
would  require  a greater  maintenance  effort. 


KEYWORDS:  Accelerated  traffic  tests;  Aluminum  landing  malts;  California  Bearing  Ratio; 

Subgrades;  [K9.‘'I2  landing  mat) 
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'j  II.  iw^^CCMZNTAAV  Na»T£3 


t >2.  SPO.N40NINO  Aok.t  TAHr  AC  Ti  VI  TV 


Jij.  A.»T«»CT  This  paper  presents  the  results  of  laboratory  specification  tests  and  the  re- 
A suits  of  fuel-spillage  tests  on  field  test  panels  constructed  and  tested  as  part  of  per- 
“ formance  tests  for  the  tar-rubber  binding  agent.  The  bitminous  materials  were  a 
1 preblended  tar-rubber  product  (R-512)  consisting  of  97  percent  tar  and  3 percent  rubber 
5 and  a latex  material  (R-510)  which  was  used  as  an  admix  at  the  pug  mill,  The  latex  is  a 
J grayish  blue  liquid  and  is  reported  by  the  producer  to  contain  55  percent  water  and  45 
j percent  rubber.  Both  products  were  supplied  by  the  Firestone  Tire  and  Rubber  Company, 

J The  purpose  of  the  test  was  to  compare  the  performance  of  these  panels  with  those  in 
4 the  original  tar-rubber  test  Section. 
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EOMB-CKATER  REPAIR  ETUDY,  FORT  BRAGG,  N.  C.,  23  JURE  - 3 JULY  19^2 


rne  bonO“Cr;tter  stuay  was  conductea  unaer  tne  jurisaici-ion  Oa  ftor/:ing  ,ciu;iiL\,ce 
VI,  Rs  shown  on  inclosurc  1 (organization  chart).  The  purpose  of  the  boxb-crater  study 
was  to  determine  the  most  rapid  method  of  repairing  craters  in  runways  that  veuli  be  used-, 
to  support  troop  and  cargo-type  aircraft,  such  as  the  C-119,  C-l?3,  C-I2^,  C-130,  and  ■ 
C-133  aircraft.  Rapid  repair  was  emphasized  as  most  essential  to  the  success  of  the  over- 
all mission.  Tiie  problem  assumed  that  an  airfield  was  captured  from  enemy  forces  and  J 
must  be  repaired  as  soon  as  possible  to  permit  use  of  runways  by  troop  and  carre-type 
aircraft,  A period  of  two  hours  was  selected  as  an  acceptable  time  for  the  repair  of  a • 
typical  bomb  crater.  Repairs  should  be  conducted  with  normally  assigned  construction  ‘ 
equipment,  and  all  materials ,, troop  support,  and  equipment  required  for  crater  repairs 
must  be  capable  of  being  airdropped  onto  the  captured  airfield.  A work  area  was  selected] 
at  Mackall  Field  so  that  trial  tests  could  be  conducted  on  several  bomb  craters  to  out-  \ 
line  repair  procedures,  train  field  troops,  and  determine  the  most  effective  method  of  re» 
pair.  : 


KEYWORDS:  Craters;  Expedient  construction;  Membranes  (Airfields);  Military  operations; 

[Mackall  Field,  Fort  Bragg,  N.  C.] 
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is.  OAlCiN*TCM*S  HCAOHT  ht»l»ra C 


».  ABSTRACT  Vile  author  visited  Goose  Air  Base,  Labrador,  to  observe  the  placement  of  an 
epoxy-asphaltic  overlay  pavement  on  the  southeast  end  of  runway  17-35.  The  area  overlain] 
was  200  ft  wide  and  500  ft  long.  The  epoxy-asphaltic  Job  was  part  of  a rehabilitation  j 

project  on  runway  17-35  being  carried  out  by  the  Corps  of  Engineers  for  the  Air  Force. 
Prior  to  the  placement  of  the  epoxy-asphaltic  pavement  considerable  repair  work  was  ,| 

necessary  to  prepare  the  area.  The  existing  pavement  that  was  to  receive  the  overlay  | 

consisted  of  two  general  types:  approximately  50  ft  on  the  southeast  end  of  the  area  i 

was  flexible-type  construction  and  the  remainder  of  the  area  was  a portland  cement  con-  j 
Crete  pavement  that  had  been  overlain  with  asphaltic  concrete.  The  asphaltic  concrete  5 
overlay-  pavement  was  quite  variable  in  thickness,  ranging  from  3 to  l4  in.  The  overlay  3 
pavement  was  placed  to  level  the  portland  cement  concrete  pavement.  Repairs  to  the  ■' 

existing  pavement  consisted  of  repairing  cracks  and  planing  off  3/4  to  1 in.  of  the  j 

asphaltic  concrete  that  had  been  badly  eroded  by  jet  aircraft.  * 


KEYWORDS:  Asphalt  overlays;  Epoxy-asphalt  concretes;  Flexible  pavement  maintenance; 

Flexible  pavements;  [Goose  Air  Base,  Labrador] 
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j II.  .»w^;>k.CM£N  7 a SlY  aOT£a 


ii2.  miuitakv  activity 


a.  ArfsYHACT  request  for  the  in.'.pcction  ca::ie  through  Corps  oi'  Kngineers'  c'naui.els  follov~j 
ing  submission  of  a claim  for  damages  growing  out  of  the  use  of  the  airfield  by  military 
transport  aircraft.  At  the  time  »f  the  disturbance,  resulting  from  the  admission  of  Negro 
James  Meredith  to  the  University  dY  Mississippi,  troops  were  moved  to  Oxford,  Miss,,  by  i 
air  transports  that  made  use  of  thd  Ole  Miss  Airport  (30  September  and  early  October  19^Z‘)i 
The  airfield  consists  of  a single  strip,  100  by  ^^700  ft.  running  almost  directly  in  an  , 

cast-vest  direction.  A taxiway  intersects  the  runway  about  1000  ft  from  the  west  end  \ 

and  connects  the  runway  to  an  apron,  260  ft  wide  and  550  ft  long,  that  runs  to  the  south. f 
The  airfield  vns  designed  to  sustain  up  to  15»000-lb  single-wheel  loads,  and  for  several  j 
years  it  has  been  subject  to  regular  traffic  of  Southern  Aii'ways*  DC-3  aircraft  having  | 
12,000-lb  single-wheel  loads.  Inspection  of  the  pavements  indicated  the • presence  of  * 

cracks  through-out  the  length  of  the  runway  and  in  a portion  of  the  taxiway  adjacent  to  s 
the  runway.  Cracking  was  not  found  in  the  apron  and  adjacent  portion  of  the  taxivay,  S 
It  must  be  concluded  that  the  military  transport  aircraft  using  the  Ole  Miss  Airport  • 
caused  significant  structural  damage  to  the  pavements.  Corrective  measures  might  range  ^ 
from  limited  repair  of  severely  damaged  areas  plus  a surface  seal  coat  over  the  entire  ) 

rainvay  and  taxivay  to  removal  of  pavement,  reworking  of  base  material,  and  repaving.  j 


JOTWORDS;  Airports;  Flexible  pavement  performance  and  evaluation  (Airfields);  Pavement 
cracking,  [Oxford,  Miss,  airport] 
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Purposes  of  the  visits  were:  (a)  Discuss  and  illustrate  the  use  of  the  cone  and  air-  I 
field  cone  penetrometers,  (b)  Inspect  the  T12  neoprene-coated  r.ylon-membrar.e-surfaced 
helicopter  landin,j  pad  at  Sicraons  Army  Airfield,  (c)  Obtain  airfield  cone-penetrometer  I 
readings  and  moisture-content  and  density  samples  from  the  test  area  at  Simmons  | 

Army  Airfield,  (d)  Deliver  four  cone  penetrometers  to  the  XVIII  Airborne  Corps  Engine^nvl 
Officer  for  training  purposes.  j 
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This  report  presents  (a)  and  evaluation  of  an  'insurfaced  airstrip  at  Binh  Hung, 
South  Vietnam,  and  (b)  several  proposed  designs  vhich  vould  permit  operation  of 
Caribou  aircraft  on  the  airstrip. 
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U II.  Norzj 


I 13.  MiLlT>HV  activity 


mj.  AoTKACT  i'he  purpose  of  this  paper  is  to  point  out  those  factors  in  flexible  pavement 
^ design  and  construction  that  have  been  indicated  by  Corps  of  Engineers'  research  and 
3 experience  to  be  more  critical  and  often  overlooked.  No  attempt  is  made  to  treat  all 
3 critical  problems  of  flexible  pavement  design  and  construction  or  to  point  out  detailed 
r,  remedies,  but  there  do  appear  to  be  practical  and  economical  ways  and  means  of  over- 
'■  coming  the  critical  problems. 


3 KEYWORDS:  Flexible  pavement  construction;  Flexible  pavement  design  (Airfields); 

j Flexible  pavement  design  (Highways) 
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rij.  AdsTHA'cT  <] paper  concerns  primarily  th^  compactiori  phenemnon,  although  the  cemoir-ed 
"effects  of  shear  and  compaction  in  producing  undesirable  settlement  are  mentioned.  Base-  > 
course  q\mlity  is  briefly  discussed,  as  are  also  several  other  factors  pertinent  to  ■ 

successful  behavior  of  flexible  pavement  base  courses  under  heavy  traffic  of  heavy  loads.  ] 
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12.  SPO.^lOHfMS  MII.1TAMT  ACTIVITY 


12.  AaiTHACT 


Three  ultrasonic-sealed  nembrane  surfaces  were  provided  for  test  purposes  at  ! 

iFort  Campbell.  Two  of  the  surfaces  designed  for  use  on  pioneer-type  runways  were  56  ft  ! 
wide  and  1200  ft  long,  and  the  other  surface  designed  for  use  on  a pioneer-type  helicopter] 
landing  pad  was  156  ft  square.  These  surfaces  consisted  of  laminated  vinyl-nylon  membrane] 
2 strips,  approximately  65  in.  wide.  Joined  with  1-in.  ultrasonic-sealed  lap  joints.  These  ; 
J surfaces  were  shipped  in  wooden  orates  from  the  WSS  to  Fort  Campbell;  however,  for  weight-! 
I saving  purposes,  the  wooden  crates  were  removed  from  the  surfaees  prior  to  rigging  them  ! 
j for  airdropping.  j 
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T15  membrane] 
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t II.  iUPPLCM£NTAAV  NOTCl 


la.  S**0*«90MINC  MILITART  ACTIVITY 

Naval  Air  Material  Center 
P.iiiadelphia , Pennsylvania 


This  study  was  conducted  to  develop  a CBR  design  curve  for  sulf.rades  to  be  sui'faced  with 
M9M1  landing  cat  to  withstand  iCOO  ta-xiing  cyclos  cf  an  aircraft  with  17,000-lb  single- 
wheel  load  on  a 30-7. Y tire  inflated  to  ^»00  psi.  A test  section  consisting  of  several 
iten.s  with  different  subgrade  strengths  (CBR  rai.ging  fro’^  9 to  65)  and  surfaced  with 
the  yi9Ml  landing  nat  was  constructed  and  subjected  to  accelerated  traffic  of  a 17,000-lb 
single-wheel  load  with  a 26-6.6  tire  inflated  to  ^00  psi.  (A  30-7.7  tire  was  not  avail- 
able at  the  the  tine  of  the  tests,  and  the  26-6.6  tire,  which  constitutes  a more  severe 
test  condition,  was  used.)  Analysis  of  the  data  indicates  that  the  .M9M1  nat  will  not 
withstand  traffic  cf  the  17,00C-lb  load  regardless  of  .subgraie  strength.  Severe  weld 
breakage  and  rivet  shearing  occurred  during  the  first  few  coverages  of  the  wheel  load. 

The  mat  would  probably  perform  satisfactorily  under  smaller  loads  (not  exceeding  12,000 
lb)  and  particularly  with  lower  tire  pressures.  It  is  recomr^ended  that  use  of  continuous 
velds  rather  than  spot  welds,  steel  rather  than  aluminum  rivets,  and  solid  al^uninum 
plates  welded  or  riveed  to  the  bottom  of  the  mat  be  investigated  as  possible  aids  in 
improving  mat  performance. 
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iij.  *a.T«AcT  preliminary  objective  of  the  investigations  reported  hereti 
, the  performance  of  the  four  experimental  Fenestra  Mark  III  mats  under  ac 
I tests  with  single-wheel  loads  of  IT, 000,  27,000,  and  39,000  lb  with  !t0C- 
J Tests  with  the  17,000-lb  single-wheel  load  were  included  to  provide  a co 
i formance  of  the  Fenestra  mats  with  previous  mats  tested  with  the  17 ,000- 
‘i  load.  The  primary  objective  of  the  investigations  was  to  develop  C3R  de 
the  most  satisfactory  Fenestra  Mark  III  mat,  later  designated  AJ-U,  and  t 
j The  CBR  design  curves  were  to  indicate  the  minimum  strength  required  for 
i faced  with  the  AMI  mat  to  support  I6OO  cycles  of  aircraft  operations  wit: 
3 39,000-lb  single-wheel  loads  with  UoO-psi  tire  pressures. 


n was  to  eva.'u- 
celerated  traf 
■psi  tire  press 
fmparison  of  re 
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isign  curves  fc 
•he  Butler  A'-il 
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■h  27,000-  and 
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nitially,  an  overall  review  of  previous  investigations  cf  beach  catting  vs.3 
conducted  at  the  V.TS,  and  engineer  field  tests  were  perfonaed  on  both  the  woven-vire 
steel  beach  ratting  and  those  itenrns  that  shoved  pronise  of  accomplishing  most  of  the 
desired  requirements.  Those  items  that  proved  most  successful  in  tests  at  the  \TES  were 
selected  for  additional  testing  at  Onslow  Beach  to  determine  their  suitability  for  plat 
ment  by  troops  of  a pionecr~type  engineering  battalion  and  to  determine  the  capability 
the  materials  for  improving  the  trafficability  across  sand  beaches  as  far  as  wheeled 
vehicles  are  concerned.  Four  materials  were  procured  by  the  WES  for  tests  at  Onslow 
Beach:  1-1/8-in. -square  mesh  woven-nylon  netting  constructed  with  type  A,  No.  6^ , 

continuous  nylon  filament  tvinef  i<-in. -square  mesh  cargo  netting  constructed  with  5/^-i 
diameter  polypropylene  rope.  All  ropes  were  interwoven  to  prevent  slippage  of  one  ever 
the  other;  vinyl-laminated  nylon-coated  fabric  electronically  scaled  into  a surfacing 
20  ft  in.  vide  and  120  ft  ^ In.  long;  and  neoprene-coated  nylon-duck  fabric  sewn  intc 
sections  that  were  12  ft  vide  and  .50  ft  long. 
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The  purpose  of  the  study  reported  herein  is  to  establish  requirer.ents  for  soil  : 
stabilization  for  military  roads  and  airfields  in  the  theater  of  operations  based  on  \ 
existing  operational  needs  for  such  facilities.  These  requirements  are  necessary  to  guide 
the  developmenc,  evaluation,  and  design  phases  of  the  soil  stabilization  research  program. 
*Yom  current  concepts  of  military  operations  in  forward  areas,  various  classifications  | 
of  roads  and  airfields  are  defined  with  respect  to  their  specific  operational  functions  j 
and  usage  characteristics.  Also,  requirements  for  stabilization  of  these  roads  and  air- 
fields in  terms  of  strength  and  thickness  parameters  to  satisfy  anticipated  operational  j 
needs  are  developed  on  the  basis  of  a thickness-of-layer  design  approach.  The  stabiliz-  . 
ation  obJe.:tives  for  military  purposes  encompass  the  needs  both  to  improve  the  strength 
of  initially  vet,  weak  soils  and  to  waterproof  and  dustproof  soils  which  possess  an  \ 

adequate  natural  strength.  Maximum  limits  of  curing  time  and  quantity  of  stabilizing  | 
material  to  achieve  the  necessary  stabilization  objectives  are  also  suggested  to  define  | 
completely  the  scope  of  the  military  stabilization  research  problem.  j 
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Kaval  Air  Material  Center 
Philadelphia,  Pennsylvania 


K *“^"**’  This  study  was  conducted  ~o  develop  C51 
|iat  fabricated  by  Harvey  Aluminum,  Inc.,  Torrance, 
present  I60O  operational  cycles  of  ar.  aircraft  hav: 
Jingle-wheel  main  gear  assembly  load  of  27,000  lb 
JBR  design  curves  were  also  desired  for  I6OO  passe 
In  a single  track  to  represent  the  calculated  loac 
launching  of  the  60, 000-lb  aircraft  by  catapult. 
Jith  different  subgrade  materials  at  different  stri 
was  constructed  and  subjected  to  accelerated  traff 
jp7,000  to  39,000  lb  with  a 30-7.7  tire  inflated  to 


design  curves  for  an  aluminum  landing 
Calif.  The  design  curves  were  to  re- 
ing  a 60, 000-lb  gross  weight  with  a 
and  a 30-7.7  tire  inflated  to  tOO  tsi. 

IS  of  a 39,000-lb  single-wheel  load  apcli 
;ing  imposed  on  the  landing  mat  during 
A test  section  consisting  of  five  items 
engths  and  surfaced  with  the  Harvey  mat 
ic  of  single-wheel  loads  ranging  from 
' JiOO  psi. 


KEYWORDS:  Accelerated  traffic  tests;  Aluminum  landing  mats;  California  Bearing  Ratio; 

[Harvey  aluminum  landing  mat] 
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test  pro(;raia  described  in  this  report  vas  conducted  to  obtain  factual 
formation  for  use  in  evaluating  the  relative  effectiveness  of  experimental  prefabric 
^embrancs  in  dustproofing  and  vaterproofing  both  prepared  and  unprepared  soil  subgra 
.When  subjected  to  accelerated  traffic  of  current  U.  S.  Army  aircraft.  Haring  the  p« 
i>f  test,  pertinent  data  concerning  the  nuniber  and  type  of  aircraft  operatio.ns  and  th 
jifonnance  of  membrane  materials  and  soil  subgrade  were  recorded  so  that  a detailed  ar 
jcould  be  conducted  to  determine  the  operational  suitability  of  the  expedient  surfaci 
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Philadelphia,  Pennsylvania 


his  investigation  was  conducted  to  develop  a CBR  design  curve  lor  ccdifiea 
iAMl  landing  mat  fabricated  by  Butler  Manufacturing  Company,  Kansas  City,  Missouri.  The 
Jiesign  curve  was  to  indicate  the  subgrade  strength  required,  when  the  subgrade  is  surfaced 
.Vith  the  modified  Butler  AMI  mat,  to  withstand  I6OO  operational  cycles  of  an  aircraft 
Hhaving  a 60, 000-lb  gross  weight  with  a single-wheel,  main-gear  assembly  load  of  S7, 000- 
lb  and  a 30. 00-7-7  tire  inflated  to  UOO  psi.  It  was  also  desired  to  test  the  modified  AMI 
jsat  fabricated  by  Fenestra,  Inc.  , Philadelphia,  Pennsylvania,  in  order  to  obtain  co.t- 
Jparative  data.  A test  section  consisting  of  three  items  with  different  subgrade  strengths, 
jsurfaced  with  the  Fenestra  and  Butler  mats,  was  constructed  and  sub,Iected  to  accelerated 
jtraffic  of  a 27,000-lb  single-wheel  load  with  a 30.00-7.7  tire  inflated  to  UOO  psi.  Anal- 
|ysis  of  the  data  obtained  Indicates  that  the  modified  Fenestra  and  Butler  AMI  mats  (vith 
lend-connector  bars)  will  satisfactorily  sustain  the  design  traffic  when  placed  on  a sub- 
Igrade  having  a CBR  of  6 or  greater  throughout  the  traffic  period.  However,  it  is  consider- 
led  that  the  overall  performance  of  the  Butler  mat  was  somewhat  more  satisfactory  than  that 
jof  the  Fenestra  mat. 


KEYWORDS;  Accelerated  traffic  tests;  Aluminum  landing  mats;  California  Bearing  Ratio; 
(AMI  landing  mat;  Butler  landing  mat;  Fenestra  landing  mat] 
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Naval  Air  Material  Center 
Philadelphia , Pennsylvan'*  e 


3 This  investigation  was  conducted  to  evaluate  airfield  landing  mats  developed 

Hand  fabricated  by  Convair  Corporation,  San  Diego,  Calif.,  end  to  develop  C3R  design  curves 
t Tot  these  mats  for  l600  operatio/ial  cycles  (l83  covoiages)  of  an  aircraft  having  a 60,000- 
i lb  gross  weight  with  a single-wheel  main-gear  assembly  load  of  2Tj000  lb  and  a 30.00-T.T  1 

ij  tire  inflated  to  ^00  psi.  CBR  design  curves  were  also  desired  for  l600  passes  of  a 39 » 000- 
i lb  single-wheel  load  applied  in  a single  track  to  represent  the  calculated  loading  to  be  j 
j imposed  on  the  landing  mat  during  the  launching  of  a 60, 000-lb  aircraft  by  catapult.  A . 
i‘ test  section  consisting  of  five  itccs  with  different  subgrade  strengths,  surfaced  with  the  I 
j Convair  Inat  with  laminated  wood  core,  was  constructed  and  subjected  to  accelerated  traffic' 
j of  27*000-  and  39»000-lb  single-wheel  loads  with  a 30.00-7 -7  tire  inflated  to  i+00  psi.  ^ 
jWlth  the  39*000-lb  wheel  load,  tests  were  made  on  both  a single  and  a double  layer  of  mat.  ^ 
jA  single  layer  of  alu.minum-coro  mat  was  also  tested  on  one  item  using  the  sa:ae  wheel  loads  3 
I and  conditions.  The  data  obtained  were  not  adequate  to  develop  the  desired  CBR  design  i 


KEYWORDS:  Accelerated  traffic  tests;  Aluminum  landing  mats;  California  Bearing  Ratio; 

Wood  landing  mats;  [Convair  landing  mat] 
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fi  Wright-Patterson  Air  Force  Base 

4 , Aeronautical  Systems  Division 

I Ohio 

^1..  A..T.4C7  This  report  describes  the  test  sites  and  soils  data  obtained  during  the 
j evaluation  of  a ramp  kit  for  unloading  palletized  cargo  from  C-130  aircraft.  Tests 
•;  were  conducted  with  loads  of  3000,  5000,  65OO,  and  10,000  lb  on  two  types  of  soil, 

^ lean  clay  and  heavy  clay.  Soil  test  pads  were  prepa.ed  to  provide  three  different 

.7  grades,  flat  and  level,  1-1/2-deg  longitudinal  upgrade,  and  5-1/2-deg  transverse 
J (twisted)  slope.  In  addition,  tests  were  conducted  at  the  heavy  clay  test  site  on  a 
^ pad  with  and  8-deg  twist  and  on  a very  soft  soil  test  pad. 


1 KEYWORDS:  Cargo  aircraft;  Clays;  Ground  matting 
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II.  T A AY  NOTES 

12.  SPONSORInO  MIUtTAHT  ACTIVITY 

U.  S.  Army  Engineer  District,  Savannah 

Savannah,  Georgia 

1 t >.  ASSTRAC  T 

I A visual  inspection  of  Turner  AFB  in  September  19t>3  ind.ic2.~ed  pavement  conditions  to 

I ran^e  from  poor  to  good.  The  old  6-in. -thick  portland-cemont  concrete  pavements  on 

I aprons  A,  B,  and  D were  in  poor  to  failed  condition.  These  pavements  were  being  usd 
I by  C-130,  B-50,  and  other  light-type  p.ircraft.  Ta.xiway  C vas  rutted  severely,  and  a 

I number  of  failures  had  occurred  as  a result  of  traffic  of  T— 52  type  aircraft.  Apron 

F had  a failed  area  where  the  crossover  taxivay  enters  the  apron,  and  cracking  and 
settlement  were  being  experienced  along  the  south  edge  of  a^i’onEwhere  3-52*s  taxi 
(apron  E is  the  maintenance  apron  for  3-52  aircraft).  Apron  F is  used  for  parking 
the  KC-135  tankers  and  was  not  showing  any  appreciable  deterioration.  The  washrack 
had  several  cracked  slabs  around  the  drop  inlet.  Taxiway  'access  No.  2 was  generally 
in  good  condition;  a few  cracks  and  occasional  spalls  were  observed,  but  no  distressed 
areas  were  apparent.  Of  interest  on  this  taxiway  were  a njcober  of  small  areas  where 
the  surface  finish  is  being  worn  away  and  the  aggregate  exp^osed.  The  concrete  in 
these  areas  appears  to  be  rather  susceptible  to  spalling  a.-id  cracking,  especially  vh.ore 
these  areas  are  in  the  vicinity  of  a Joint.  The  NE-RW  rur^-vay  was  generally  in  good 
condition.  The  worst  conditions  were  found  in  the  1^-in.  piortland-cement  concrete. 

The  new  pavements  constructed  in  1963  were  in  excellent  ccoidition.  The  transition  from 
the  new  apron  taxiway  to  the  old  6-in.  apron  pavements  has  Jiettled  in  local  areas; 
however,  this  is  the  result  of  tying  a heavy-duty  now  pave.Taent  to  failed  existing 
pavement.  The  pavements  at  Turner  AFB  at  the  time  of  this  inspection  were  generally 
in  satisfactory  condition,  except  for  the  old  6-in.  portland-cemcnt  pavement  on  aprons 

A,  B,  and  D and  the  asphaltic  concrete  pavement  on  taxivay  r,,. 
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Z.  SPONSOniNO  MI4.«TARr  ACTIVITT 

Headquarters,  III  Corps 
and 

Fort  Rood,  Texas 


The  primary  purpose  of  this  study  was  to  establish  the  allowable  load-carrying  cataoit 
of  the  airfield  pavements  at  Robert  Gray  Army  Airfield  (p.GAA),  Fort  Hood,  Texas.  Ir. 
addition.  Headquarters,  III  Corps,  and  Fort  Hood,  Texas,  requested  recommendations  rn 
the  following  items  relative  to  the  airfield:  (a)  Necessary  repairs  or  reconstruction 
to  extend  the  pavement  life  for  five  years,  for  the  projected  mission  of  the  field. 

(b)  Design  pavement  thickness  for  reconstruction  if  pavement  is  inadequate  for  repair. 

(c)  Design  for  subdrain  structures  if  investigation  indicates  that  subdrains  are  re- 
quired. 


KEfVOROS:  Flexible  pavement  performance  and  evaluation  (Airfields);  [Robert  Grary  Arc;.' 

Airfield,  Fort  Hood,  Texas] 
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Air  Force  Systems  Comirand 
b.  S.  Air  Force 

Wricht-Patterson  Air  Force  Base,  Ohio 


This  report  describes  the  test  site  and  presents  the  soils  data  obtained  in  connec-i 
with  a test  program  to  evaJ.uate  the  ability  of  F5A  aircraft  to  operate  from  an  niis-.e 
airfield.  The  test  site  is  compared  in  detail  with  a hasty  airfield  as  defined  in  1 
pEirtraent  of  the  Array  Technical  Manual  5-?51,  Ar:-.y  Airfields  and  Helinorts.  It  vas  c 
eluded  that:  (a)  Although  the  austere  test  runvay  did  not  meet  all  ninimuia  requirer. 
for  a h.nsty  airfield,  it  veil  represented  a typical  hasty  airfield.  (b)  The  test  ru 
is  capable  of  satisfactorily  withstanding  for  six  sionths  the  number  of  operations  cf 
F5A  aircraft  required  to  support  a corps  headquarters.  (c)  The  application  of  water 
the  test  runway,  had  negligible  effect  on  the  surface  CBR,  but  water  added  to  a sod  f 
with  little  or  no  vegetation  due  to  dry  weather  is  beneficial  from  the  standpoint  of 
dust  control. 
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ta.  sPONsoAtNC  MiwiTAAr  AcrMfirv 

U.  S.  Array 

Office,  Chief  of  Engineers 

V/ashin:^ton,  D.  C. 

This  report  presents  the  findings  of  inspections  made  in  1963  of  epoxy-asphalt  pave- 
ments at  20  airfields  located  throughout  the  United  Stf.tes.  It  was  concluded  that: 

(a)  Epoxy-asphalt  pavements  are  sufficiently  resistant  to  the  action  of  fuel  spillage 
and  blast  from  jtc-type  aircraft  to  be  used  in  areas  of  such  spillage  and  blast,  (b) 
Thin  overlays  of  epoxy-asphalt  pavement  are  subject  to  cracking;  however,  the  cracks 
do  not  tend  to  spsill  or  ravel.  (c)  The  evaluation  of  the  different  binder  formulations 
of  the  epoxy-asphalt  is  not  conclusive;  observation  of  the  pavements  will  continue  so 
that  a definite  evaluation  can  be  made,  (d)  Climate  has  a direct  effect  on  epoxy-asphalt 
pavements,  i.e.  the  colder  the  climate,  the  greater  the  tendency  for  cracking. 
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The  WES  vas  requested  by  the  Air  Force  to  develop  Job-nix  formulas  for  tar-concrete 
binder  course,  tar-rubber  wearing  course,  and  a special  test  installation  at  Selfrid3*e 
AFB  of  tar-rubber  wearing  course  using  Firestone  rubber  latex.  The  WFS  was  also  ashed 
to  supervise  construction  of  the  Firestone  test  pavement.  The  Job-nix  formulas  for  the 
three  nix  designs  were  reported  separately  by  letter  ‘to  the  Base  Civil  Engineer  concern- 
ing the  tar-binder  course,  tar-rubber  wearing  course  and  Firestone  test  pavement.  To 
summarize  briefly  the  important  elements  of  the  Firestone  test  pavement,  the  design  vas 
based  on  an  aggregate  gradation  which  was  a blend  of  crushed-slag  coarse  aggregate,  slar 
sand,  and  natural  siliceous  sand  and  9.8  percent  tar-rubber. 
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Wrlght-Patterson  Air  Force  Base,  Ohio 


The  investigation  reported  herein  consisted  In  selecting  test  sites,  obtaining  necessary 
soil  data  to  evaluate  the  strength  of  the  soil,  and  determining  the  effect  of  aircraft 
operations  on  ooil  strength.  In  addition,  it  was  desired  that  sufficient  information  te 
obtained  on  runway  topography  to  permit  an  analysis  of  aircraft  response  to  runway  rough 
ness  by  L-G. 
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The  Goodyear  Aerospace  Corporation,  Arizona  Division,  Litchfield,  Ariz., 
Initiative  prepared  and  subaitted  to  the  WES  a proposal  for  an  airfield  s 
r.er^brane  systeu.  The  prot>osal  was  based  on  initial  r.aterial  dovelcps.er*t 
had  been  conducted  previously  in  the  laboratory  and  field  by  Goodyear,  ar. 
ed  that  lar^e-scalc  feasibility  end  devtiopnont  voi'k  be  conducted  to  den.r 
Dieicbrano* s ability  as  a water  barrier  and  du.'t  cover  for  soil  subf.rades. 
su^sc^’Oted  that  a field-tcsL  profrar!  be  conducted  at  Ft.  Bcnr.ing,  Ga.  , and 
membrane  bo  installed  under  field  conditions  as  a runway  extension  so  tha 
al  capability  of  the  surfacinc  could  be  determined  for  aircraft  oicraticn 
ommended  that  placement  of  the  mcnbrRnt'  bo  c»ade  with  an  experimental  hand 
by  Goodyear  that  could  be  towed  easily  by  a crev  of  four  men.  After  re*.'i 
above-described  proposal,  the  WES  recorLmended  that  a fiber  glass  membrane 
50  ft  vide  and  500  ft  long,  be  constructed  at  Ft.  Bonning,  Ga.,  to  demons 
feasibility  of  placing  the  surfacing  with  field  troops  and  to  deteiTiine  t 
suitability  of  the  surfacing  for  operations  of  cuirent  U.  S.  Army  fixed-v 
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This  memorandum  describes  pertinent  observations,  information,  and  data  obtained  durir.5 
initial  field  testing  of  T17  membrane  surfacing  and  two  selected  dust  palliatives  at 
Fort  Bragg,  R.  C. , from  13  to  15  January  1965. 
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U.  S.  Anr.y  Materiel  Comr.and 
Alexandria,  Va. 


This  meiiioranduia  describes  pertinent  observations , information,  and  data  obtainevi  ouring 
field  testing  of  the  TIT  mcm.brane  surfacing  and  dust  palliatives  at  Pyess  A73,  Tex., 
from  26  through  PS  January  19^5* 


KEYWOHDS:  Dust  control;  Field  tests;  Materials;  Membranes  (Airfields);  (Dyess  Air 

Force  Base,  Abilene,  Texas;  T17  meriibranej 


N«Nk.ACa*  *»n  rO"M  l«f»,  I ^AM  44.  HMlCM  14 


Unclnr.nl  fled 

S«c\inry  Cl«4«incAUOA 


221 


Vnclnr.-.!  

; ••  ..  c t.»  ♦ .>uw  mon  

OOCUUtNT  CONTSOL  DATA  - R i D 

' ' ••*■».•..•»•  «/!•<«  *f  ffff*.  W <thtlf0tf  0f»tt  muaf  lt«  •«»*r*>*  fh»  #»■»/•/<  l» 

l~.  0(- rt^w  «s.  ftvi  f i#.M«PO^T  SCCuA'fv  CtA*tiPtC*  ftO»* 

U.  S.  Army  Eiiclnecr  Waterways  Experiment  Station  Unclassified 

Vicksburc,  Mississippi  '*• 


>.  MCPOMT  Title 

PHASE  I FIELD  TESTS  OF  T17  MPliBa^drs  SUBFACHTG  AMD  DUST  PAiLIATIVES;  REPORT  3,  ECLDf 
AIR  FOUCS  BASE,  IXA. , 9-2u  f:-3KU,\RY  19o5 

4.  OESCAiPTivE  MOTC9  (Tyfi0  •t  r«p«rl  anrf  /nc/w«ir«  ^<«4^ 

**.  Au  Tmor7t»  (A'lraf  na«i4,  /4«f  — - - - _ _ _ __  _ 

Richard  H.  Grau 
Royee  C.  Eaves 


!•.  MCPOAT  ^ATC 

June  1965 


I »«.  COM  TWAC  T pl%  6AANT  HO. 


k.rnOjKCTMO.  1-V-  0- 21701- A-0U6 


l7«.  TOTAL  HO.  or  PACKS  1 76.  HO.  OP  MCPt 


64.  OnieiNATOP'S  PCPOHT  NUhTVCIMSl 

Miscellaneous  Paper  No.  l*-722  , Report 


..  Task  05 


AtSuTlOH  STATKHKnT 


•6.  OTMCn  PCPOHT  HO(S)  (Anf  Atfiar  nua6*r«  tA«<  6« 

tht»  t9p90i} 

AD  A032  652 ^ 


Approved  for  public  release;  distribution  unlimited. 


tl.  SwPPLEHENTAAV  HUTCS 


»1.  SPONSOPtNC  MILITART  ACTIVlTT 
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Alexandria,  Va. 


This  memorandum  describes  pertinent  observations,  information,  and  data  obtained  durir 
initial  field  testing  of  T17  membrane  surfacing  and  two  selected  dust  palliatives  at 
Eglin  AFB,  Fla.,  from  9 through  26  February  1965- 
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U.  S.  Amy  Materiel  Coinnaiii 
Alexandria,  Va. 


This  report  describes  pertinent  observations , information,  and  data  obtained  durinf' 
initial  field  testing  of  the  T17  membrane  surfacing  and  tvo  selected  dust  palliatives  at 
Langley  AFB,  Va.  This  cite  vas  used,  in  lieu  of  one  of  the  previously  selected  test 
locations  (Sewart  AFB,  Tenn.  and  Fort  Leonard  Wood,  Mo.),  at  the  request  of  the  Tactical 
Air  Comr»and.  , 
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2.  SPONSOniNO  MILITAN.  ACTIVITY 

U.  S.  Army  Materiel  Command 
Alexandria,  Virginia 


Previous  tests  by  the  WES  Army  Mobility  Research  Branch  shoved  no  significant  effect  of 
methyl  bromide  treatment  on  the  Atterberg  limits  of  various  soils  but  did  not  reveal 
the  possible  influence  of  the  fumigation  on  the  che.mistry  of  the  soil  vhich  might  be 
significant  to  stabilization.  A limited  laboratory  study  therefore  vas  considered 
necessary  to  clarify  this  aspect.  The  purpose  of  this  study  was  to  examine  the  influenc 
of  methyl  bromide  treatment  of  Vicksburg  clayey  silt  (loess)  on  the  responsiveness  of 
the  soil  to  stabilization  with  Portland  cement  and  hydrated  lime. 
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U.  S.  Aimy  Materiel  Coimand 
Alexandria,  Virginia 


The  objective  of  this  study  was  to  develop  information  from  laboratory  tests  pertinent 
to  the  applications  and  effectiveness  of  the  VESTCO  materials  for  military  purreses. 
Laboratory  tests  were  conducted  to  deter.mine  the  effectiveness  of  the  WEFTCO  additives 
in  altering  the  consistency  of  three  selected  fine-grained  soils.  The  additives  also 
were  examined  for  their  ability  to  stabilize,  destabilize,  and  reduce  stickiness  of  a 
clayey  soil. 
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O.  ABSTRACT 

This  investigation  was  conducted  to  evaluate  a modified  end  connector  on  the  AK2  landing 
mat  fabricated  by  Harvey  Aluminum,  Inc.,  Torrance,  Calif.  A test  section,  consisting  c; 
three  clay  subgrade  items  with  different  strengths  and  one  sand  item,  was  constructed  an 
surfaced  with  the  modified  Ai’!2  mat.  The  test  section  was  subjected  to  traffic  represent 
ing  1600  operational  cycles  of  an  aircraft  having  a 60, 000-lb  gross  weight  with  a single 
wheel  main-gear  assembly  load  of  27,000  lb  and  a 30-7.7  tire  inflated  to  UOO  psi.  Con- 
clusions are  itemized  based  on  the  results  obtained  in  this  investigation. 


KEYWORDS:  Aluminum  landing  mats;  Traffic  tests;  [AM2  landing  mat] 
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12.  SPONSOHInC  NIUITAHV  acti 


U.  S.  Havel  Air  Ennlnoerlng  Center 
Philadelphia,  Pennsylvania 

1 IJ.  A..5TMAC  T 

This  study  was  conducted  to  compare  the  performance  of  aluninum  landing  nst  fabricated 
by  V.'ashinf.ton  Alu.-ninu.rn  Co.,  Enterprise,  Ala.,  with  that  designed  and  fabrieated  by 
Harvey  Aluminum,  Ine.,  Torrance,  Calif.,  whieh  had  been  tested  earlier  and  the  re.sults  | 
reported  by  the  U.  S.  Army  Engineer  Waterways  Experiir'.nt  Etati on  in  Miscellaneous  p-.ipcr  ! 
(MP)  ilo.  U-615.  It  was  also  desired  to  compare  the  quality  of  extrusions  furnished 
Washington  Alurainam  Co.  by  AJurain-am  Company  of  America  (Alcoa  ) and  Do-w  Chcmicfd.  Co.  l 

The  Primary  method  of  analysis  -vas  by  comparison  of  CBR  design  curves  which  were  do-  ■ 

S veloped  from  the  test  data  to  represent  l600  operational  cycles  of  an  aircraft  having  a j 
C0,000-Jb  gross  weight  with  a single-wheel,  main-gear  load  of  27,000  lb  and  a 30-7.7  \ 

tire  inflated  to  liOO  psi . CBR  design  curves  were  developed  for  the  mats  using  flexible 
pavement  design  criteria  and  computing  an  equivalent  thickness  of  subgrade  for  the  mats  ■ 
based  on  the  mat  perform-ance.  Design  curves  for  the  ...ats  wore  obtained  by  reducing  the 
thickness  required  by  tl-.e  flexible  pavement  design  curves  by  the  aunount  to  which  the  mat 
is  equivalent.  Two  test  sections,  consisting  of  three  items  each  with  different  sub- 
grade materials  at  different  strengths,  each  surfaced  with  one  of  the  Washington  Alumi- 
num Co.  extruded  mats  were  constructed  and  subjected  to  accelerated  uniform-coverage 
and  single-track  traffic  by  the  load  described  above. 


KEYWORDS:  Aliunlnum  landing  mats;  Traffic  tests;  (AX2  landing  mat] 
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K.  SPOn»OA«n«  MiC.«T«Rr  ACTIVITY  j 

U.  S.  Aray  liaterlel  Command 
Alexandria,  Virginia 

I..  ...tract 

This  manual  provides  interim  guidance  to  military  engineering  personnel  in  solectir. 
using  materials  for  alleviating  dust  and  for  water-proofing  soils  in  support  of  cte 
ions  on  expedient  airfields  and  roads  In  the  theater  of  ere  rations . The  problems  of  oust 
and  water  pertinent  to  military  operations  on  unsurfaced  s.irfields  and  roads  are  defir.ei, 
and  the  objectives  and  limitations  of  soil  surface  treatments  to  alleviate  these  problent 
are  stated.  Genereil  procedures  for  applying  a dust  palliative  or  soil  waterproofer  are 
outlined,  and  the  implications  of  these  procedures  to  the  ultimate  selection  of  a ma- 
terial are  presented.  Various  types  of  materials  for  treating  soil  surfaces  to  contrcl 
dust  and/or  waterproof  soil  are  described.  Criteria  to  aid  in  the  selection  and  use  of 
a material,  and  various  factors  which  may  influence  the  final  choice  of  a material  are 
presented. 


KEYWORDS:  Dust  control;  Field  manuals;  Military  operaticais;  Waterproofing 
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i.i.  sPONaoniNC  mu.itanv  activity 

U.  S.  Amy  Materiel  Co.’nir.and 
Alexandria,  Vircinia 


This  report  describes  an  investigation  conducted  to  evaluate  a steel  landing  r.at,  de- 
signated U.  C.  Steel  Type  ^<.5  Air-Dek.  The  raat  which  was  designed  and  fabricated  by  the 
U.  S.  Steel  Corp. , Pittsburgh,  Pa.,  is  a sandwich  structure  composed  of  an  egg-crate 
type  configuration  core  bonded  by  adhesives  on  top  and  bottom  to  steel  facin.^s.  The 
sides  of  the  panels  are  Joined  by  integral  tongue-and-groove  connections  and  secured  by 
stainless  steel  pins.  This  investigation  consisted  of  engineering  traffic  tests  to 
obtain  information  for  use  in  comparing  the  perfo2*mance  of  the  Air-Dek  with  project 
requireiaents . The  traffic  tests  were  conducted  on  a prepared  subgrade  with  a rolling 
vlieel  load  simulating  actual  aircraft  operations.  These  tests  were  conducted  with  a 
singlo-whocl  load  of  25>000  lb  with  tire  inflation  pressure  of  250  psi  on  a rcat-surfaced 
fiubgradc  with  a rated  CBR  of  h.k.  Results  of  this  investigation  revealed  that  the  Air- 
Dck  mat  sustained  330  coverages  of  traffic  under  the  above-stated  conditions,  and  the 
mat  in  test  item  1 met  the  pi'ojecf  requirements  (200  coverages  on  a 4-CRR  subgradc). 
Results  from  test  item  2 indicated  the  probability  of  satisfactory  Air-Dek  mat  being 
produced  by  several  variations  in  fabrication;  however,  more  extensive  testing  would 
be  required  to  obtain  valid  conclusions. 


KEYWORDS:  Steel  landing  mats;  Traffic  tests;  (U.  S.  Stool  Air-Dek  landing  mat] 
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Air  Force  Cambridge  .Research  labcra- cries 
L.  G.  Hancora  Field 

Cambridge,  Massachusetts 

This  report  describes  the  accelerated  traffic  tests  conducted  vith  a test  load  and 
tire  pressure  selected  to  cause  fail'ure  in  an  ur.surfaced  test  section  a a lcv-csv= 
level  (less  than  100  coverages)  to  determine  the  adequacy  of  present  criteria  for 
predicting  low-coverage  levels  and  to  determine  if  there  is  added  benefit  in  terns 
increased  traffic  coverages  from  heavily  sodded  areas  as  opposed  to  areas  Wnicn  ar 
clear  of  vegetation  and  root  structure.  Selection  of  the  load  and  tire  pressure  v 
made  from  current  criteria  for  the  CBR  required  for  operation  of  aircraft  or.  unsur 
faced  soils  and  was  based  on  the  average  CBR  of  the  0-  to  6-in.  depth.  Results  of 
the  tests  indicate  that  for  conditions  of  these  tests  present  criteria  are  sonsWna 
conservative  for  predicting  low-coverage  levels  of  traffic.  Although  there  was  sc 
benefit  gained  from  the  sod  in  one  test  item,  there  were  not  sufficient  data  to  cc 
elude  that  sodded  areas  will  sustain  substantially  higher  intensities  of  traffic, 
is  recommended  that  additional  tests  using  other  wheel  loads  and  tire  pressures  be 
conducted  to  develop  criteria  for  predicting  low-coverage  levels  of  traffic  on  ur.s 
faced  areas. 


KEYWORDS:  Accelerated  traffic  tests;  Soil  strength;  Trafficability ; Unsurfaced 

airfields;  Vegetative  cover 
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12.  SPONSOMIMS  MIUITAPT  ACTIVITY 


Approximately  100  commercial  laboratories  performed  routine  tests  to  determine  physic 
properties  of  three  samples  of  soil  under  the  sponsorship  of  the  American  Council  of 
Independent  Laboratories,  Inc.  These  results  were  statistically  analysed  at  the 
U.  S.  Army  Engineer  Waterways  Experine.nt  Station  to  determine  what  variation.''  might  z 
expected  in  test  results  from  commercial  laboratories  selected  at  random.  Values  de- 
termined by  three  "umpire"  laboratories  using  carefully  prescribed  test  procedures 
are  included  for  comparison.  The  results  show  deviations  from  the  mean  to  be  of  con- 
siderable magnitude  in  many  instances,  indicating  a wider  than  commonly  expected 
variation  in  values  determined  by  the  commercial  laboratories. 


KEYWORDS:  Comparison;  Soli  Mechanics  Laboratories;  Soil  tests  (Laboratory);  Statistics 

analysis;  [American  Council  of  Independent  Laboratories] 
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b.  S.  IiQval  Air  En^.lnecrinj  Center 
Philadelphia , Pcr-nsy] vania 


This  investigation  vas  conducted  to  deter.'nine  the  optinun  pcnel  size  for  the  A.*A?  niat 
fabi'icated  by  Harvey  Aluninun  Cor.pany,  Torrance,  Calif.  The  basic  A!‘12  mat  vas  dcrif 
to  sustain  I6OO  operational  cycles  of  an  aircraft  having  a gro.=;s  weight  of  60,000  Ic 
with  a single-wneol  Diain-gear-assembly  load  of  ?V,0Co  lb  and  a 30-7-T  tire  inflatec 
1*00  psi.  A test  section  consisting  of  three  items  with  different  subgrade  strength? 
and  surfaced  with  three  different  size  nat  panels  war.  constructed  and  subjected  to  1 
coverages  (equivalent  to  16OO  cycles  of  aircraft  operations)  of  Accelerated  traffic 
a 27,t)00-3b  single-wheel  load  with  a 30-7-7  tire  inflated  to  1*00  psi.  The  mat  was  a 
tested  for  its  ability  to  sustain  j.600  passes  of  a 39»COO-lb  single-wheel  load  appli 
in  a single  track  to  represent  the  calculated  loading  that  would  be  imposed  on  the 
landing  mat  during  launching  of  a 60, 000-lb  aircraft  by  catapult. 
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ta.  ...OMSOntHC  MIktTAMV  .CTIVITV 


U.  S.  Naval  -Mr  Ebigineerlnr  Center 
Philadelphia,  Pennsylvania 


This  study  was  conducted  to  determine  the  optimum  panel  size  of  the  vario'us  sizes  of 
AMI  landing  mat  fabricated  by  Butler  Manufacturing  Company,  Kansas  City,  .Mo.  The  mat 
was  to  sustain  I6OO  operational  cycles  of  an  aircraft  having  a gross  weight  of  -ri.COO  ib 
with  a single-wheel  oain-gear-assenbly  load  of  27,000  lb  and  a 30-7.7  tire  infls-et  to 
400  psi.  A test  sectio.o  consisting  of  three  items  wjth  different  subgrade  strengths  and 
surfaced  with  the  various  sizes  of  panels  was  constructed  and  subjected  to  accelerated 
traffic  of  the  27,000-lb  test  load  with  tire  inflated  to  lOO  psi.  Faulty  fabrication  of 
the  3-  by  7-ft  and  particularly  the  2-1/2-  by  8-ft  panels  made  it  difficult  to  ocapare 
the  service  life  of  the  panels  solely  on  the  basis  of  panel  size.  The  performance  of  tht 
2-  by  10-ft  panels  was  about  equal  to  the  performance  in  previous  tests  of  standard 
size  2-  by  12-ft  panels,  with  no  fabrication  defects  noted  in  either  size.  The  perform- 
ance of  the  2-  by  10-ft  panels  was  superior  to  that  of  the  2-1/2-  by  8-ft  or  the  3-  by 
7-ft  panels.  The  degree  to  which  the  poorer  performance  of  the  wider  panels  is  attribut- 
able to  poor  fabrication  is  unknown.  The  use  of  end-connector  bars  with  the  fu-U.  mat 
results  in  Improved  performance  of  the  mat  when  placed  over  a weak  subgrade. 
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•I  It.  iURRl.CMcNIARY  NOTES 

12.  SPONSORING  Mli.1  TARV  ACTIVITT 

U.  S.  Naval  Air  Enfrineering  Center 
Philadelphia,  Pennsylvania 

This  study  was  conducted  to  evaDuate  replaccnent  panels  and  keylock  asserbliei  as 
cessories  for  use  with  Af-12  landing  nat  in  the  construction  of  forward  airfields, 
also  desired  to  evaluate  the  capability  of  the  AM2  nat  to  withstand  traffic  wr.ar.  ! 
in  a loneitudinal  direction.  A test  section  with  a 10-CBH  subgrade  and  the  A*!2  mal 
in  both  loncitudinal  and  transverse  directions,  with  the  accessories  included,  vaj 
j structed  and  sucjef'ted  to  accclcratea  traffic  of  a ?7, 000-lb  sin{;le-vheel  lead  vil 
i 30. 00-7. 7 tire  inflated  to  UOO  psi . It  is  concluded  that:  (a)  The  o.'crall  T.er:'t: 

the  replaccir:cnt  panels  is  satisfactory,  (b)  The  keylock  assemblies  functicn  s* 
' orily.  (c)  The  AM2  mat  functions  equally  well  when  laid  either  longitudinally  zr 
versely. 
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la.  SPONSOAINO  MtklTART  ACTIVITY 

17*  S.  Iiaval  Air  Snglneerins  Center 
Philadelphia,  Pennsylvania 


This  study  was  conducted  to  compare  the  rerfoxnance  of  aluminum  landing  mat  fabricated 
by  Butler  Manufacturing  Co.,  Kansas  City,  .‘-Jo.,  with  that  designed  and  fabricated  by 
Harvey  Alumir/im,  Inc.,  Torrance,  Calif.  The  Karvey  aluminum  mat  was  tested  and  the  re- 
sults were  reported  earlier  by  the  U.  S.  Array  Engineer  Waterways  Experiment  Station  (VI 
The  primary  method  of  comparison  was  by  using  CBR  design  curves  which  were  developed 
to  represent  l600  operational  cycles  of  an  aircraft  having  a 60, 000-lb  gross  weight  vit 
a single-wheel,  main-gear  assembly  load  of  27,000  lb  and  a 30-7. T tire  inflated  to  lOO 
psi.  CBR  design  curves  were  also  developed  for  l600  passes  of  a 39,OOC-lb  single-wheel 
load  applied  in  a single  track  to  represent  the  calculated  loading  imposed  on  the  land- 
ing mat  during  launching  of  the  60,000-lb  aircraft  by  catapult.  A test  section  con- 
sisting of  three  items  with  different  subgrade  materials  at  different  strengths  and 
surfaced  with  the  Butler  mat  was  constructed  and  subjected  to  accelerated  traffic  of 
single-wheel  loads  ranging  from  27,000  to  33,000  lb  with  a 30-7-7  tire  inflated  to  100 
psi. 
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It  SUPPL  EMENTARV  NOTES 


12  SPONSORING  MILITARY  ACT  IVITY 


13  ABSTRACT 

Sections  of  a low- strength  suVigrade  vrerc  treated  v/ith  portlaiid  ccr.ent  a.nd 
hydrated  lime  to  test  the  ability  of  these  materials  to  strengthen  the  sub- 
grade  dur2.ne;  inclement  weather  in  connection  with  a field  operational  test  cf 
Jified  Til  aluninUTi  lauding  mat.  Data  obtained  in  the  field  dwii\-  construc- 
tion and  during  subsequent  aircraft  traffic  testing  vrere  supplcnonted  by  ad- 
ditional field  measurements  and  laboratory  tests  on  cliiuik  samples  obtained 
several  months  after  completion  of  the  basic  landing  mat  evaluation  program. 

It  v.as  dcteiTiined  that  both  Portland  cement  and  hydrated  lime,  applied  a.s 
3 percent  admixtures,  were  effective  in  improving  the  resistance  of  tiic  sensitive 
subgradc  to  loss  in  bearing  capacity  during  wet-weather  operations.  A section 
al.sn  was  constructed  using  polyethylene  sliccting  over  untreated  subgradc  as  a 
pi'L'tcctlvc  membrane  under  the  landing  mat,  but  tlic  sheeting  was  of  doubtful  value 
because  of  its  inability  to  v/itlistand  mat  embcilment  without  damage. 
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; REPORT  OF  CONFERENCES  ON  DUST  CONTROL,  JANUARY  1966 
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I 10.  0;STAiawTtwN  STATZ*<;Nr 


' Distribution  limited  to  U.  S.  Government  agencies  only;  test  and  evaluation;  31  December 
1971-  Other  requests  for  this  document  must  be  referred  to  U.  S.  Army  Engineer  Water- 
1 ways  Experiment  Station. 


».  »0*ONSOA«NW  •Mtk.tTAHV  ACTIVITY 


Office,  Chief  of  Engineers,  U.  S.  Army 
Washington,  D.  C. 


j As  a result  of  an  urgent  request  by  the  Office,  Chief  of  Engineers,  in  a meeting 
a In  Washington,  D.  C.,  on  14  January  1966,  tvo  conferences  on  dust  control  were  sub- 
^ sequently  held  during  the  latter  part  of  January.  The  first  conference  was  held  with 
industry  representatives  and  the  second  conference  was  held  with  Consultants  selected 
^ after  the  14  January  1966  meeting.  Minutes  of  the  two  conferences  are  summarized  in 
!j  the  paper.  
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It  SUPF*L  EMCNTARY  NOTES 

12-  Sr»OKSO\.;»G  military  ACTIVJTY 

Office,  Chief  of  Engineers,  1).  S.  Army 
V/ashington,  D.  C. 

. 13  ABSTRACT 

{ This  report  presents  the  results  of  field  tests  performed  on  taxiv.-ay  XV-A, 

i Vance  /‘.ir  Force  Base,  Enid,  Oklaho.tia,  which  was  shov;ing  signs  of  distress  fror; 
aircraft  traffic.  Fhe  I’icld  3vorh  at  Vance  AKB  was  acco~.plished  hy  a V’aterways 
E;.rperir'.cnu  Station  survey  tear,  on  27  and  28  K.arch  1965.  BackgrouiTd  data,  such 
as  construction  iiistoi’y,  cliKatc,  physical  properties  of  pave.’r.er.ts , and  raterials 
have  been  extracted  from  previous  evaluation  reports  of  this  field  and  are  in- 
cluded hoi'ei.i.  It  is  concluded  tiiat  the  pavement  rutting  and  .r.ovo.mcnt  ocotuu-ing 
o.a  the  .'.urface  are  duo  to  a high  asphalt  content  in  the  sui'face  coui'ce  mix. 

A1.SO,  tl;c  use  of  the  present  hightpreesure  tire  is  increasing  the  density  of  the 
a.rphalt ic-concrctc  surface  course  in  areas  of  high  asphalt  content  to  a point 
•..here  the  voids  content  is  below  the  minimum  required  value  of  3.0  percent  and 
flushing  is  occurring. 
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la.  SPONSOniH«  Mli.lTAnv  activity 

IPcctlcal  Air  Comnand,  U.  S.  Air  Force 
Langley  Air  Force  Base,  Virginia 


The  pavements  at  Opa-locka  Airport,  Florida,  were  evaluated  to  determine  their  Icad- 
carrylng  capabilities  relative  to  specific  aircraft  designated  by  the  Tactical  A.ir 
Command  (TAC).  An  evaluation  of  the  primary  runway  (9L-27R)  and  taxiway  was  r.tt  re- 
quired. The  runways,  taxiways,  and  apron  areas  for  which  this  investigation  was  made 
are  evaluated  as  types  B and  C traffic  areas.  This  assumes  that  these  areas  will  not 
be  subjected  to  channelized  traffic  and  will  be  used  as  parking  and  taxiing  areas. 
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* 13  ABSTRACT 

^ Accelerated  traffic  tests,  which  smulated  aircraft  ta>:iing  operations,  v;ere  con- 
! ducted  on  tost  sections  constructed  on  subcTades  of  various  strengths  and  surfaced 
■ with  Mail  (foi'merly  TIO)  steel  landing  mat.  Tlie  purpose  of  the  tests  was  to  obtain 
■ da.ta  on  the  service  life  of  the  M8A1  mat  under  various  conditions  of  wheel  load, 

' tiro  pi’essui'c,  and  subgi'ade  strength.  From  these  data,  CBR  design  curves  for  run- 
j ways  surfaced  with  M8A1  mat,  similar  to  CBR  design  curves  for  bltuminour  pavements, 
I have  been  developed.  Operations  of  militai'y  aircral't  with  single-wheel  loads 
I ivuiging  from  25,000  to  50,000  lb  and  tire  pressures  ranging  from  60  to  300  psi  and 
t :’,irci’ELft  with  twin-wheel  assembly  loads  of  50,000  lb  were  simulated  by  means  of  a 
I test  load  cart.  CBR,  vratcr  content,  and  density  of  the  subgrade  were  measured 
► before  sjid  during  the  traffic  tests,  and  the  condition  of  the  test  sections  was 
; recorded.  Traffic  v/as  applied  until  the  test  sections  foiled  or  until  it  was 
i evident  that  700  coverages  could  be  completed  by  the  test  load.  cart.  The  design 
I curves,  which  were  developed  by  correlating  the  M8A1  test  data  with  flexible  pave- 
! r.cnt  design  relations,  are  considered  adequate  for  use  in  designing  landing  strips 
J to  be  surfaced  with  m8A1  steel  landing  mat. 


KEYWORDS:  Accelerated  traffic  tests;  California  Bearing  Ratio;  Runways; 

Steel  landing  mats;  Subgrades;  [M8A1  (TIO)  landing  mat] 
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I u.  SUPPL  EMcNTARY  NOTES 


12.  SPONSORING  MILITARY  ACTIVITY 

U.  S.  Army  Materiel  Command 
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; 13  ABSTRACT  jests  vc-i'e  conducted  at  the  U.  S.  Ar::y  Engineer  Waterways  Experiment 
Station  to  evaluate  two  compounds  for  use  as  dust  alleviators . The  co.mpoiu-.ds , 
a resin-base  concrete  curing  compound  and  a latex-base  concrete  curing  compound, 
were  applied  to  two  different  types  of  .materials.  One  material  was  Vicksburg 
loess  and  the  other  was  Reid  Bedford  sand.  The  curing  co.mpounds  were  applied  to 
the"  two  materials,  allowed  to  cure,  and  tested  using  a six-blade  fan  which  pro- 
duced velocities  across  the  material  surface  averaging  approximately  lOOO  ft  per 
min.  As  a result  of  these  tests,  the  following  conclusions  were  made:  (a)  neither 
co.mr,our.d  could  be  used  in  traffic  areas;  (b)  the  compouiids  coxild  be  used  in  such 
no;.ti-.f.':,:  area.:  'i.:  the  fringe  areas  of  a helicopter  l.anding  pad,  runv;ay,  or 
.\..-h  s : .u.'.:h  ^c)  th.;  rcsin-o.asc  compound  porformed  satisfactorily  on  sand, 

but  was  not  uatis:'actory  v;hcn  applied  to  the  loess;  (d)  t'ne  latcx-basc  compound 
perfonr.ed  s.atisfactorily  on  the  loess,  but  was  not  satisfactory  when  tested  on 
sa.md;  (c)  when  wetted  to  si.mulate  exposure  to  rain,  the  resin-base  compound 
applied  to  uhe  sand  failed  under  testing.  It  is  reco;n.mended  that  further  tests 
be  conducted  to  evaluate  other  co.mxxjunds  for  use  as  dust  alleviators.  These 
tests  should  be  performed  using  larger  test  areas  and  higher  disc  loads,  with 
variations  in  application  techniques.  These  compounds  should  also  be  tested  under 
the  do’/mwash  of  a ;ct  engine  in  order  to  evaluate  their  performance  under  con- 
ditions of  jcx  VIOL  and  SIOL  aircraft  traffic. 

KEYWORDS:  Ciiring  agents;  Dust  control;  Materials;  Resin  concrete 
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Advanced  Kcsourch  Projects  Agency  and 
U.  S.  llaval  Air  Snsineerin.^  Lab'-ratory 
Philadelphia , Pennsylvania 


Field  tests  verc  conducted  on  Al-13  landing  nat  to  deternine  the  capability  of  the  r.at 
to  support  helicopter  operations  when  floated  on  water  and  when  placed  on  marshy  soil 
having  a CBH  of  about  0.25  percent.  The  mat  was  an  aluminum,  celluj ar-type  structui e 
filled  with  pol'rjrethanc  foam,  with  top  and  bottom  fac5iii;;s  fabricated  from  aluminum  A 
alloy  sheets.  The  side  and  end  connectors  were  of  ari  extruded  alur..inun  alloy.  The 
individuai  panels  were  assenblod  on  a pond  into  an  approximately  62-  by  90-ft  floating 
landing  pad.  The  pad  was  subjected  to  repeated  landings  and  taxiing  operations  of  a 
UH-3^*D  helicopter  with  loads  ranging  to  13,000  lb  and  landing  forces  ranging  to  2.Ul  g 
The  pad  was  then  disassembled,  moved  to  a marsh  area,  and  reassembled.  The  pad  was 
again  subjected  to  operations  of  a helicopter  with  a gross  weight  of  12,000  lb 
and  landing  forces  of  2.l8  g. 
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IS.  5P0N90PIN0  MIWITAHV  ACTIVITY 

U.  A.  Army  fkterlel  Command 
Alexandria,  Virginia 


This  report  consists  of  a collection  of  docu.-aents  (Appendixes  A-F)  prepared  during  the 
period  1956  through  1959  which  summarize  the  development  of  objectives  and  requirements 
pertinent  to  the  military  soil  stabilization  research  activities.  The  collection  in- 
cludes memoranda,  correspondence,  and  minutes  of  conferences  which  were  concerned  with 
the  delineation  of  the  broad  project  objectives  in  specific  terns  and  measurr.ble  par- 
ameters to  provide  realistic  guides  for  the  development,  evaluation,  and  design  phases 
of  the  stabilization  research  program.  Of  particular  importance  was  the  orga.nization 
of  the  stabilization  objectives  into  four  basic  classifications  or  categories,  based  on 
various  military  road  and  airfield  operational  requirements  and  functions,  to  be  acc- 
omplished by  soil  treatment.  Significantly,  the  basic  classifications  arc  sufficient- 
ly flexible  and  encompassing  to  permit  t.he  inclusion  of  new  requirements  or  revisions 
in  existing  requirements  to  conform  with  changes  in  military  operational  concepts, 
thus  maintaining  a logical  continuity  in  the  long-range  approach  to  the  soil  stabili- 
zation problems. 
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s This  Investigation  was  conducted  to  evaluate  the  use  of  Thiokol  polysulfide  epoxy  coat-  ! 
I ings  as  seal  coats  in  maintaining  asphaltic  concrete  pavements  and  protecting  them  from  ( 
j the  effects  of  Jet  engine  blasts  and  fuel  spillage.  The  materials  were  evaluated  to  « 
i determine  their  ease  of  application  and  quality  of  performance  under  conditions  similar  | 
5 to  those  to  which  they  would  be  subjected  when  used  in  the  maintenance  of  flexible  | 
5 airfield  pavements.  j 
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This  report  presents  the  results  of  a field  invest5catior.  of  sites  fer  aircraft  f’  it'-' 
tests.  The  investigation  was  concerned  with  the  capability  of  the  aircraft  to  ojerati 
on  or  hovel’  over  unprepared  or  expediently  surfaced  landiri?^  strips.  The  report  de- 
scribes the  test  aircraft,  purpose  and  scope  of  the  i nvesti f^atior. , and  the  t€*sc  si’cr 
selected,  which  were  located  at  or  near  Kdwards  A>‘B,  California.  It  also  discusser 
tljc  XV‘.;A  aircraft  operations  conducted  at  several  of  the  sites  while  the  U.  S.  /vrry 
Engineer  Waterways  Experiment  Station  (V'ES)  field  party  was  still  at  Edwards  AKB 
for  this  study. 
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13  R0STRACT 

Tests  were  conducted  on  five  types  of  r.enbranes  to  deten;iine  their  resis- 
tance to  heat  ejrposure  and  their  ability  to  retain  their  original  strength  after 
such  exposvu-e.  Results  indicated  that  for  all  rneiabranes  tested,  both  vinyl- 
coated  and  neoprene-coated,  the  majority  of  samples  tested  withstood  temperatures 
of  500  F with  only  small  losses  in  strength.  O/erall,  the  neoprene-coated  mem- 
branes vfithstood  higher  temperatiires  than  the  vinyl-coated  membranes. 
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PhiladcO  pni  a , Pennsylvania 


This  investif^ation  was  conducted  to  evaluate  the  perfomiancc,  under  simulated  aircraft 
loadings,  of  (a)  a guide  rail  (for  use  in  assisted  take-offs)  desirned  for  use  with 
Airfield  Matting  Mo.  ? y (b)  Kaiser  Alaminum  Company's  Af-t?  vhen  used  in  con- 

junction vitfi  guide  rail  and  wlien  used  without  guide  rail,  and  (c)  rnodific-d  AM2  froa 
Harvey  Alui!:inu.m,  Inc.,  when  used  in  conjunction  with  guide  rail.  It  was  specifically 
dc.sirod  to  determine  the  effect  that  subgrade  strength  and  soil  type  would  have  on  the 
perfojmance  of  the  guide  rail  and  AM2. 
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U.  S.  Naval  Air  Engineering  Cem-er 
Philadelphia,  Pennsylvania 

This  investigation  vas  conducted  to  evaluate  a so-called  two-piece  landing  sat  (A.'*!2) 
extruded  and  fabricated  by  Harvey  Aluainur.  Co.*  Inc.,  Torrance,  Calif.  The  mat  was 
fabricated  fro^a  two  1-ft-wide  extrusions  welded  together  to  form  a 2-ft-vide  plar.k . 

A test  section  ccnsistlng  of  three  clay  sut.grade  it'^ms  (with  strengths  of  3,  6 and  10 
CBR)  and  one  loosely  compacted  sand  item  was  constructed  and  surfaced  with  the  ^vo- 
piece  mat.  The  test  section  was  subjected  to  uniform  and  single-line  traffic  represent- 
ing operations  of  an  aircraft . having  a 60, 000-lb  gross  weight  with  a single-wheej.  main 
gear  assembly  load  of  27*000  lb  and  a 30-7.7  tire  inflated  to  UOO  psi. 


KEYWORDS;  Aluminum  landing  mats;  Traffic  tests;  landing  mat;  Harvey  Aluminam 

landing  mat] 
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U.  S.  Army  Materiel  Cor-T.ar;i 
Alexandria,  Virginia 


During  the  period  of  July  through  Aui'^ust  ^9^*5»  a type  III  asr.ault  airfield  vas  crn- 
structed  at  Landing  Zone  ^4 , Fort  Cainpl-.cll,  Ky.,anvd  vac  surfaced  with  Tl?  mc-mbrane 
by  moLibcrs  of  the  2Tth  Engineer  Battalion  (C).  The  airfield  consisted  of  a 72-ft- 
vide  and  3000-ft-long  runway  with  a parallel  taxi  way  5O  ft  wide  and  3000  ft  long, 
two  connecting  taxivays  72  ft  wide  and  ft  long,  and  a parking  apron  1**5  ft  wide 
and  195  ft  long.  Ser/icc  tests  of  the  T17  mcnbranc  were  conducted  to  determine 
whether  the  mcrubrane  would  withstand  C-130  aircraft  operations.  The  tests  revealed 
that  the  TI7  nicnbrane  would  withstand  C-130  aircraft  traffic  in  all  areas  except  for 
the  ends  of  the  runway  where  the  aircraft  touched  down  during  landings  end  conducted 
naximum  engine  runups  prior  to  takeoff.  T17  tnembrane  was  removed  from  areas  approx- 
imately 300  ft  long  and  72  ft  vide  at  each  end  of  the  runw-ay  so  wXlS  nenhrano  could 
be  installed  in  its  place.  Although  service  tests  had  been  conducted  prcvious3y  on 
the  T17  membrane  (21  July  19^5  - J April  19(>6),  the  T17  membrane  which  vas  left  in 
place  on  the  runway  vas  evaluated  further  in  combination  with  the  WXI8  membrane  as 
traffic  and  soil  data  were  recorded  to  determine  the  performance  of  both  membranes. 
Service  tests  were  conducted  to  determine  the  suitability  of  V’XJS  membrane  as  (a) 
a dustproofing  and  waterproofing  media  when  placed  on  soil  subgradcs  and  (b)  a 
membrane  surfacing  capable  of  withstanding  lockcd-vheel  braking  action  of  C-130  air- 
craft. 

KEYWORDS:  Membranes  (Airfields);  Traffic  tests;  [Fort  Campbell,  Ky.;  T17  membrane; 
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Accelerated  traffic  tests  were  conducted  at  the  Waterways  Experiment  Station  in  Octccer 
1966  on  panels  of  MO-t-lAT  manufactured  by  Air  Logistics  Corporation,  Pasadena,  Califtrr.ia. 
HO-I'IAT  is  a new  euid  highly  advanced  fiberglas  reinforced  plastic  material  made  of  otratt- 
glas.  The  MO-l-WT  consists  of  11-  by  50-ft  continuous  panels  of  Stratoglas  noliei  into 
a unique  waffle-like  configuration.  The  material  is  approximately  5/8  in.  thick  in 
total  thickness  and  has  a uniform  material  thickness  of  0.100  in.  and  weighs  about 
1 lb  per  sq  ft.  This  preliminary  investigation  was  conducted  on  four  special  panels 
6*1  in.  square  connected  by  rivets  placed  in  predrilled  holes. 
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12.  MI1.17AKV  ACT 


U.  S.  Army  Engineer  District,  Far  East 
Japan 


IS.  A ..STHAC  7 

A visual  inspection  of  the  pavoncnts  in  July  I966  indicated  their  condition  to  rarige 
fair  to  poor.  The  main  taxiway,  which  had  received  a sand  seal,  appeared  on  the  s-rfa 
to  be  in  better  condition  than  the  rest  of  the  field.  Cracking  was  rot  as  severe  or.  0 
facility.  O’hc  pavement  on  the  runway  was  badly  cracked  and  quite  rour/n.  h'ujnerous  c:r 
baths  existed  where  water  ponded  after  a rain.  Loss  of  zra.de  was  evident  in  the  cent-:- 
of  the  runway,  apparently  from  the  effects  of  aircraft  overload,  but  the  rouf^h  conditi 
existed  over  the  entire  200-ft  width.  The  patches  that  vei*e  placed  in  1959  had  eper. 
cracks  alone  nearly  all  edges  and  in  most  cases  appeared  to  be  slightly  lower  than  the 
surrounding  ]'avement.  This  contributed  to  the  roughness  of  the  surface.  Grass  was 
evident  in  the  cracks  outside  the  center  third  of  the  runway.  The  pavement  surface  or. 
the  parking  apron,  which  had  received  a tar  seal,  was  badly  cracked  but  the  surface 
was  not  spalling  and  causing  loose  debris  as  on  the  runway  and  other  areas  of  the  apro 
The  pavement  on  the  remaining  portion  of  the  apron  area  vtis  in  poor  condition.  The  de 
underbrush  which  had  been  allowed  to  grow  adjacent  to  taxivays  1 and  2 was  being  clea.*" 
at  the  time  of  thi.s  survey  and  the  pavement  on  these  taxivays  was  in  about  the  sane  cc 
ditlon  as  the  runway  pavement. 
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Kaiser  landing  mats  (MX-19)  are  fabricated  by  bonding  thin  aluminum  plates  (skins) 
to  each  side  of  an  aluminum  honeycomb  core  to  form  a composite  sandwich.  Extruded 
aluminum  connectors  are  welded  to  the  skin  along  the  periphery  of  the  sandwich  and  the 
resulting  circumferential  internal  void  is  filled  with  a polymer  potting  compound. 

When  simulated  aircraft  wheel  traffic  was  applied  to  joined  sections  of  this  matting  at 
the  Waterways  Experiment  Station  (WES),.  tht-  connector-skin  velds  parallel  to  the 
direction  of  wheel  travel  eventually  split  ^pen  and  the  sandwich  was  progressively 
severed  from  the  connector.  The  fracture  soon  presented  a tire  hazard  or  excessive 
mat  deflection  occurredi  the  mat  was  then  considered  to  have  reached  a failure  condition. 
After  review  of  the  fabrication  of  the  mat,  the  material  properties  of  the  aluminum 
and  polymer,  and  the  laboratory  tests,  the  results  of  the  traffic  tests  on  three  sec- 
tions of  Kaiser  mat  are  summarized. 
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U.  SUPPLEMENTARY  NOTES 


12.  SPONSORING  MILITARY  ACTIVITY 

U.  S.  Army  Materiel  CointTiand 

Alexandria,  Vircinia 


j II  ABSTRACT 

■ This  investication  vas  conducted  to  detenrdne  the  feasibility  of  using  T17 
mcm.brane  as  a surfacing  material  for  operaT;iGns  of  forklifts  in  depot  open- 
' storage  areas  at  Cam  Ranh  Bay,  South  Vietnam.  A test  area  20  ft  vide  and  50  ft 
’’  long  was  excavated  to  a depth  of  24  in.  and  backfilled  with  poorly  graded  sand.. 
I Tiic  membrane  was  placed  over  the  section  and  secured.  A Kyster  Model  RT-150 
j forklift  was  used  as  the  test  vehicle.  Tests  were  performed  on  a loose,  dry 
' sand  subgrade  and  on  a slightly  compacted  sand  subgrade . During  tests , the  CBR 
' for  the  dry  sand  subgrade  ranged  from  1 to  3 ^nd  for  the  vet  sand  surgrade  from 
2 to  8.  Tests  performed  during  this  investigation  indicated  that  a iiyster 
Model  RT-150  forklift  loaded  to  full  pay  load  (15,000  lb)  cannot  be  operated  on 
the  TI7  membrane  surfacing  placed  over  a loose  sand  subgrade;  v;hen  loaded  to 
onc-half  pay  load,  the  forklift  can  operate  satisfactorily  if  no  attempts  are 
made  to  turn  or  steer  the  vehicle;  v;hen  empty,  the  forklift's  drive  wheels  will 
slip  excessively  and  cause  severe  abrasion  of  the  surfacing  and  vear  of  the 
drive  wheel  tiros;  subgradcs  that  rut  as  much  as  7 in.  will  cause  the  lifting 
frame  of  the  forklift  to  drag,  thus  tearing  t)ie  surface.  It  vas  determined 
that  the  TI7  membrane  should  not  be  used  as  a surfacing  material  for  operations 
of  forklifts  over  loose  sand  subgrades.  Instead,  lightweight  surfacing  with 
load -spreading  capabilities  should  be  used. 

KEYWORDS:  Forklift  trucks;  Membranes;  Open  storage  areas;  Sands;  Sub- 
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13  abstract 


This  study  was  conducted  to  determine  the  ability  of  12  lightweight 
nenbranes  to  waterproof  the  subgrade  beneath  solid  planks  of  A^-Il  landing  mat.  A 
test  section  24  ft  wide  and  110  ft  long  was. constructed  under  the  protection  of  a 
hangar  to  provide  the  conditions  required, for  accurately  controlled  comparative 
traffic  tests.  One  half  of  the  test  section  consisted  of  a heavy  clay  (CH)  sub- 
grade, and  the  other  half  consisted  of  a fine,  silty  sand  (SM)  subgrade. 

In  the  field,  200  coverages  were  applied  to  the  test  lane  with  a single- 
wheel load  of  25,000  lb  (at  a 250-psi  inflation  pressure).  In  the  laboratory, 
the  weight,  breaking  and  tearing  strengths,  elongation,  and  resistance  of  the  mem- 
brane to  flame,  heat,  fuel  spillage,  and  weathering  were  determined. 

The  traffic  tests  indicated  that  membrane  materials  such  as  the  TI6, 
Herculite  3-ply,  Criffolyn  No.  IO5,  Celtex  40  mil,  and  polyethylene  30  mil  water- 
proofed both  sand  (SM)  and  clay  (CH)  subgrades  beneath  the  AMI  landing  mat  for 
200  coverages.  Fiirther  evaluation  of  the  membranes  indicated  that  the  TI6  mem- 
brane and  Herculite  3*ply  oi’e  the  most  desirable  materials  for  use  beneath  the 
AMI  landing  mat. 

KEYWORDS:  Altuninum  landing  mats;  Membranes  (Airfields);  Subgrades; 

Traffic  tests;  Waterproofing;  [AMI  landing  mat;  Herculite 
3-ply  membrane;  TI6  membrane] 
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12.  SPONSORING  MILITARY  ACTIVITY 

i.aval  Air  Engincorinc  Center 
I’liiladelphia,  Pennsylvania 


This  investigation  was  conducted  to  evaluate  throe-piece  AJ.12  landing  mat  extruded  by 
the  Michael  Flynn  Manufacturing  Company,  Philadelphia,  Pa.,  and  fabricated  by  the 
V/ar.hington  Aluminum  Companj'',  Entei-prise,  Al.a,  The  mat  was  fabricated  from  three 
8-in. -wide  extrusions  welded  together  to  foim  a 2-ft-wldc  plank.  A test  .section  con- 
sisting of  one  sand  item  and  three  clay  suhgiado  items  with  vai-ious  CBH  strength 
values  was  constaveted  and  surfaced  with  the  three-piece  mat.  Tlie  test  section  was 
.sub.-jected  to  unifoma- coverage  and  single-lino  traffic  representing  oj'crations  of  an 
.aircraft  having  a 60,000-lb  gi-oss  weight  with  a single-wheel  main  gear  assembly  load 
of  27,000  lb  witli  a 30-7-7  tire  inflated  to  400  psi.  Based  on  the  results  obtained 
In  tills  study,  it  i.s  concluded  tliat:  (a)  Wlion  placed  on  a subgrade  ha\d.af,  a CBK  of 

6.8  or  greater  tlirougliout  tiic  }>oriod  of  traffic,  the  thrce-jiiocc  mat  will  sustain 
16(X)  eyolos  (l88  coverages)  of  an  aircraft  ha\d.ng  a 27,000-lb  single-wheel  load  and 
.a  4oo-psi  tiro-inf.lation  jircssure.  (h)  Tlic  tlireo-piece  mt  'will  sustain  l600  pas.soc 
(Jn  a sin{;lc  path  located  2 ft  or  more  from  tlio  mat  end  joints)  of  a 27, 000- lb  single- 
wheel  load  witli  a tire-inflation  pressure  of  400  psi  when  placed  on  a subgrade  having 
a CBH  of  5-7  or  gro.atcr  throughout  the  period  of  traffic,  (c)  General  bclin'vior  of 
the  mat  in  these  tests  was  not  materially  affected  by  the  tiuee-pieco  nature  of  the 
mat  planks. 

KEYWORDS:  Aluminum  landing  mats;  Subgrades;  Traffic  tests;  [AM2 

landing  mats] 
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Office,  Chief  of  Engineers,  U.  S.  Army 
Headquarters,  U.  S.  Air  Eorce 
Washington,  D.  C. 


The  purpose  of  this  report  is  to  present  the  results  of  a condition  survey  performed  at 
Pease  Air  Force  Base  (AFB)  in  July  I965.  A layout  of  the  airfield  pavements  is  shown  i 
plate  1.  The  survey  was  concerned  mainly  with  (a)  the  performance  and  condition  of  the 
flexible  pavements  relative  to  their  usage  and  predicted  life  or  design  requirements,  a 
(b)  the  maintenance  methods  being  used  at  the  base  and  their  effectiveness.  Ho  physics 
tests  of  pavement,  foundation,  or  patching  materials  were  performed  during  this  survey; 
the  investigation  was  limited  to  visual  observations.  This  report  includes  a discussio 
and  pertinent  conclusions  regarding  the  performance  of  the  flexible  pavements  based  on 
these  observations. 


KEYWORDS:  Flexible  pavement  maintenance;  Flexible  pavement  performance  and  evaluation 

(Airfields);  [Pease  Air  Force  Base,  Portsmouth,  New  Hampshire) 
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I).  AU>TMACT 


iM'.o  invest! c:ation  reported  Jjorein  was  conducted  to  cvniimtp  on  nluninum  honeycomb -core 
Inndins  mat.  The  mat,  which  was  decipnod  and  fabricated  by  the  Kaiser  Aluraimn  and 
! Ci;o.mical  Sales  Company^  Inc.,  Oakland,  Calif.,  is  a sandwich-type  ctructui'o  ■ onposed 
! of  an  alvunintsii  honeycomb  core  bonded  by  :idheGives  on  top  and  bottom  to  aluminum 
facinps.  Tno  extruded  edpe  connectors  arc  welded  to  the  facinps  and  bonded  to  the 
core.  Tlie  panels  are  joined  at  two  edGcs  with  a lii ncinfi-type  connection.  Tlie  other 
two  edpes  are  joined  by  an  overlap-underlap  type  connection  and  locked  topethcr  by  in- 
sertion of  a connector  bar.  This  investication  consisted  of  enpineerine  traffic  tests 
to  obtain  information  for  use  in  comparinG  the  porforr.ancc  of  tlie  Kaiser  mat  with  proj- 
ect requirement.G . Tne  traffic  tests  wore  conducted  on  a prepared  subprode  with  a 
ron.inp  wheel  load  siraulatlnc  actual  aircraft  operations.  Hicsc  tests  were  conducted 
with  a sinclo-whecl  loatl  of  25,000  lb  with  a tire-inflation  pre.snuro  of  250  psi  on  a 
mat-surfaced  oubprade  with  a rated  CBR  of  3-6.  Results  of  this  Inveotipation  revealed 
t.nat  the  Kaiser  mat  sustained  37B  coverages  of  traffic  under  the  above -stated  condi- 
tions equivalent  to  550  covorapes  on  a 4-CBR  cubpradc,  thus  exceed inp  the  project  re- 
quirements (200  coverages  on  a It-CBU  suberade)  by  175  percent,  i'nilures  were  developed 
by  overstressinp  the  pottinc  compo\ind  between  the  edpe  connectors  and  the  honeycomb 
care.  Further  study  and  testinc  are  needed  to  develoxi  a replacc.ablc  panel  in  order  i 
that  repairs  can  be  made  when  panels  in  the  interior  of  a section  are  damaged. 


KEYWORDS:  Aluminum  landing  mats;  Honecomb  structures;  Traffic 

[Kaiser  aluminum  honeycomb  landing  mats] 
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12.  SPOSSORIN6  MfLITANV  ACTIVITY  • 

Office,.  Chief  of  Engineers,  U.  S.  Army  amij 
U.  S.  Air  Force 

Washington,  D.  C.  1 

■ ■ ■■■■■■  i 

This  report  presents  the  results  of  a condition  survey  performed  at  Loring  AFB  ir. 
July  1965.  A layout  of  the  airfield  pavements  is  shovn  in  fig.  1.  The  major  area 
of  interest  in  this  condition  survey  were  as  follows:  (a)  The  performance  and  cor.d 
ions  of  the  flexible  pavements  relative  to  usage  and  predicted  life  or  design  re- 
quirements. (b)  The  maintenance  methods  used  and  the  effectiveness  of  the  mainte.na 
work.  The  field  work  for  this  investigation  was  limited  to  visual  observations  ma 
during  the  condition  survey.  No  physical  tests  of  the  foundations  or  patching  cat 
erleils  were  performed.  Samples  of  the  asphaltic  pavement  that  was  being  replaced 
taxiway  A and  taxiway  A extension  were  obtained,  and  laboratory  tests  were  perform 
to  determine  what  changes  had  occurred  in  the  asphalt  properties  over  the  period  o 
years  the  pavement  had  been  in  use. 
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...  v.rrcT  various  para:7.et;ers  triZt  -.isj..  aei'u.o  covr.waa.i  f.iov;  I'roin  pre.;o;;v  ar.a  j 

.'av.ua.,  cia’orr.-..-u-iCe  V/STOL  c-ircrafv  vill  be  sui  stantia' jy  more  severe  tho:!  tb.ose  i 

^;■.a\;  aefir.c  ate  dovs-.vash  of  fne  hoj  icopaer , vh.aeh  represents  VTOI.  aircraft  curronaly  ir.j 
asc . 7r.  adaiaion,  ah.;  intense  heat  I’l'esi  some  ]ift  syste.T.s  vill  bo  an  added  problem.  . 

S la  is  d.;sirahle  that  the  parruseters  of  dovnv/ar.'n  flow,  including  ar.y  heat  generated,  be 
; lu'.ov.v.  in  order  that  provision  for  their  effeets  can  be  incoiTioruacd  in  airfield  dosicn 

■ criaoria.  'fhis  study  inc'.v.ded  c.  review  of  available  litoratxirc  and  visits  to  installa- 

■ tior.s  that  are  eoncernod  with  operaticr.al-'.jye  V/STOh  oircraft  in  an  effort  to  assemble 
' opoiVit  lo.'.al  doar.waoh  data.  Limited  data  arc  p-rcsented.  A dieeussion  of  pertinent 

. presen.,  -md  future  experimental  V/SIOL  aircraft,  cn£ir.cs,  and  cunficurations  is 

i.er.  in.  I'his  discussion  cait  be  used  to  interpret  the  feasibility  of  an 

• '.irci'af  L . The  lijr.itcd  data  found  to  be  available  arc  presented  and  dlo- 

. a. I'/.perieiK'e  will.  lioli.coi)(,ers  as  a basis  for  cosiparlson.  'J'lic  ni.tniii't  to 
.■  s..e.'..-io;ial  di.vnwush  data  reveu.lod  a luck  of  sudi  data  laid  tliat  I here  are  no 
n„  s.,,  for  o..s..ini:'.,;  such  infoitv.asion.  in  aiiticlpation  of  need  for  criteria  for  f 

. V/bfOi.  airfield  dosiyn,  it  Is  suyiic.stea  that  one  of  two  proariur.s  be  Ir.ploir.ontcd : 

. (a)  Introduce  a reeuircsient  for  obtaining  downwash  characteristics  infon.'.ation  in 
t'.io  fii^.ht  and  control  testinc  pro;;ra;.o  of  cuiTcnt  and  future  V/STOL  aircraft,  and 
v'..)  Letcisr.inc  the  downv'ash  characteristics  experimentally  by  simulatiiis  each  of  the 
v-rious  V/STOL  lift  mcchanisir.s . The  first  prosrtun  appears  to  bo  tne  more  desirable 
and  economical. 

; KEYWORDS:  Blast  effects;  Landing  fields;  Short  take-off  and  landing  ! 

aircraft;  Vertical  take-off  and  landinr,  aircraft  i 
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This  paper  presents  limited  background  on  ground- flotation  criteria  development  and 
some  of  the  concepts  on  which  current  criteria  are  based.  It  gives  an  insight  into 
various  problem  areas  in  development  of  the  criteria  and  explains  the  extent  or  limits 
of  applicability  of  flotation  criteria  presently  in  use.  In  the  final  portion  of  the 
paper,  emphasis  is  given  to  the  particular  aircraft,  characteristics  that  contribute 
good  or  high  flotation  and  some  discussion  is  presented  of  factors,  not  treated  by 
current  criteria,  which  recent  research  indicates  nay  have  a significant  effect  on 
flotation. 


■KEYWORDS:  Aircraft;  Ground  flotation 
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12.  SP0^490HIM6  MILITANT  ACTIV 


Orflco,  Chief  of  Engineers,  I'.  S.  Amy 
Vasliincton,  D.  C. 


The  purpose  of  this  report  is  to  present  the  results  of  an  inspection  perforned  at 
Bicycle  Amy  Airfield  (AAP)  in  March  1967.  The  inspection  was  limited  to  visual 
observations,  and,  no  tests  were  conducted  on  the  existing  unsurfacei  runways  or  taxi- 
ways.  A layout  of  the  airfield  with  proposed  future  airfield  construction  is  show's  is 
plate  1.  Pertinent  data  are  included  from  a geologic  and  soil  survey  made  in  October  j 
1966  for  another  project.  , 


KEYWOrtDG:  Unsurfaced  runway  pcrforiaance  and  evaluation;  [Bicycle  Army  Airfield,  Pt. 

Irwin,  Calif.] 
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ta  4r0N»0  RING  MICI  T *R  V ACTIVITY 

Air  Force  Systems  Command 
Aeronautical  System.s  Division 
Wrignt-Patterson  A?3,  Ohio 


Tests  v'cre  conducted  at  four  sites  in  California  to  determine  the  capability  of  the 
i XC-llGA  ai-craft  to  operate  on  or  hover  over  unprepared  or  exi^ediently  surfaced  land- 
in-  strips.  Soil  data  were  collected  from  eicht  sites,  but  only  foxir  of  the  sites 
v,-ere  used  for  subsequent  flijjht  tests.  Results  of  the  tests  indicated  that  the  over- 
all performance  of  the  XC-112A  was  ^ood.  Ruttinj  was  moderate  at  every  test  site 
cxceua  one.  .however,  results  also  indicated  that  the  flotation  characteristics  of  the 
nose  c^ar  should  be  increased,  and  means  should  be  provided  to  prevent  future  de- 
ri.mmi.',j  as  occurred  at  one  of  the}  test  sites.  Additional  study  of  the  relation  of 
wi:..j  ;..-.,;le  versus  soil  recirculation  is  also  needed.  After  the  flight  tests  had  been 
co!r.T*lcted,  n m.i.ncralocical  analysis  of  soil  samples  from  the  four  sites  was  made. 

. Aer.ults  of  the  analysis  aro  presented  In  Appendix  A. 


KEYWORDS:  Aircraft;  Ground  flotation;  Landing  strips;  Unsurfaced 

runway  performance  and  evaluation;  [XC-IU2A  aircraft] 
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li-  SPOn&OHING  MIL.ITARV  ACTIVITY 

U.  S.  Aniiy  Kate  riel  Cc'rJi.and 
Washirujtori,  P.  C. 


An  i.Iri'ii'ui  r'.nv.vay  oori.'.t.ructod  with  Ko.M  mat  eauacd  clama;;o  to  tiro;:  oP  niroia.’t 
Iko.-iU.-.o  I't  ri.ar',1  o-idoo  the  male  overlap  ca/jcn  of  tl;e  mat  panola.  Ar'.or-d  r-olu- 

l u:n.-  propu, to  provont  thir.  damage  war.  use  of  notal  .strips  (fixi-r)  attached  to 
..  ..  i .1  of  the  jKinelo.  Thi.s  report  deEcribo;S  traffic  to..ts  oo:..i,..  ted  oil 

: I a a prop;. rod  .!uhjr;«ic,  with  five  tja’i-'S  of  fi.xor  ;itt;i.’.ied  to  fr.o 

r.ii-ied  cd;^;or  o;'  the  jianol:;.  .Specially  desiencu  load  carts  ciPiUlatir.i;  C-130  aircraf 
■Ic.a.iir..^  Wi.a'o  u;:cd  to  detonr.inc  if  tlic  fixes  v.'ould  {illcvia.tc  the  excessive  tiro  we;ir, 
and  if  the.y  v,’ould  withstaiui  rolling  vrtieel  loads  and  skidding  of  tiie  C-I3C.  Kc.'Uilts 
in'iieatcd  tiiat  although  tiie  fixes  withstood  the  effects  of  both  traffic  and  skidding 
test;;,  tlicy  did  ne-t  aplireciubly  reduce  the  tiro  d:iir,;igc  cau.sed  by  tlie  o''crlap  edges. 
Tnorefore,  otlier  mc.ans  of  reducing  or  eliminating  the  tire  damage  are  recoTrcr.endeu. 


KEYWORDS:  Aircraft  tires;  Steel  landing  mats;  Tire  performance; 

Traffic  tests;  [m8A1  landing  mats] 


: . ■ - i-fc  f DO  %A1».  I Jtktt  *4,  MTHICM  »• 

Ui-y  o.«e.T»  ro.  ARM.  «... 


Uncl.arsi  fiod 

t:«rwrTtv  Cl.B.Uic.CJon 


265 


Ik 


DOCUMENT  CONTROL  DATA  - R t D 


• f r*i%  w^i.  nlion  of  (ttir,  hoifv  vt 

I ohiUinaTikw  activity  (Cori>ot«lm  muifitt) 


'(>/  inilrx/riij  nnriol/itiftn  tnu.‘tl  hf  enlf'mJ  tvht*r*  Ihn  xtv^rpH  rrpoft  t!* 

U».  Ht.t>OHr  5CCONITV  C L ASSt  r 1C  A TION 


■ -'n.;y  i'lijinccr  '.V.-ttorways  Exporin'.ent  Station 


Ur.clanr.ified 


j|  i.  ACPOAT  Tl  TCe 

I EV.’ili.Ai’IOj;  0?  REPUBLIC  Sli’EL  GRO'J.M)  M<M  FOR  USE  IN  DEPOT  OPEK-STOR/vCE  /vREAS 


f * OCSCHI^TIve  NOTES  (Typ9  «/  fpott  »nd  iAC/u«iv«  d»t99) 
- S Au  ThONiSi  a*t4*il9  iniUsl,  l*9t  nmmm) 


Ctordor.  L.  Carr 


i9-  RCPOAT  OATC 

j Novels or  196? 

h «A.  c ON  T ft  AC  T Oft  OftANT  NO. 


^ 6.  P«ojccTNo.  1-V-0-21701-A-046,  Task  05 


Ta.  TOTAU  NO.  OF  PACES  76.  NO.  OF  ftCFS 


«.  OftiCINATOft’S  REPORT  NUMBEft(S) 

Miscellaneous  Paper  No.  4-945 


i 10.  OiSTftlOUTlON  statement 


1S6.  OTHER  REPORT  NO(S)  (Any  o .Scr  numL^r*  th»1  Oisy  6*  matfgntd 
Ihl0  r»por(> 


AD  738  838 


Approved  for  public  release;  distribution  unlimited 


; It.  SuPPcCMENTARV  NOTES  12*  SPONSOfttNC  MIEITARY  ACTIVITY 

!i  _ U.  S.  Amy  Materiel  Coinnand 

Washington,  D.  C. 

IS.  AOSTftAC  T t 

This  report  describes  an  investigation  to  evaluate  Republic  Steel  ground  ir.at  for  use  j 
in  open-storage  areas.  The  corrugated  panels,  which  are  U-l/2  ft  long,  3 ft  1-5/8  in,! 
■.vide,  1 in,  thick,  and  weigh  105  lb  each,  are  connected  by  overlapping  the  corruga-  j 

tions  and  bending  tabs  into  slots.  Two  test  scries  were  run.  In  test  series  I,  traf-  I 
fic  '.vas  applied  with  two  forklifts,  the  Hyster  Model  RT-150  and  the  Townotor  Model 
■ both  carrying  various  pay  loads  on  three  different  subgrades,  two  hea'vy  clay 

i and  one  sand.  Ground  r.at  on  the  sand  section  withstood  traffic  better  than  that  on 
fne  clay  sections.  Static  loads  with  pallets  of  6OOO  to  15,000  lb  were  placed  on 
t'ne  section  for  periods  up  to  60  hr,  with  a maximum  settlement  of  0.4  in.  recorded. 

In  test  series  II,  double  layers  of  mat  were  placed  in  two  patterns  over  wet  and  dry 
sand.  Individual  layers  were  not  interlocked.  The  test  sections  were  trafficked  with 
the  Ifi'-lSO  Hyster,  a 2-l/2-ton  M35  truck,  and  a 5-ton  M54  truck.  The  Hyster  was  the 
most  critical  load  applied.  It  was  concluded  that  the  single-layer  ground  mat  was 
inadequate  for  use  in  open-storage  traffic  areas.  Double  layers  nested  together  will 
perform  satisfactorily  with  continued  maintenance  over  a period  of  2 to  3 months.  It 
is  recommended  that  the  mat  be  oriented, so  vehicles  travel  perpendicular  to  the  cor- 
rugations in  heavily  trafficked  areas. 


KEYWORDS:  Ground  matting;  Open  storage  areas;  Steels;  Traffic  tests 
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1^.  SPONSORING  MII.ITARV  ACTIVITY 

Air  Force  Flight  Dyna:i 
Research  and  Technolcr: 
AF  SysteniS  Corjnand , V? 


This  report  describes  vork  undertaken  as  j>art  of  an  overall  progran  ~.o  develop 
flotation  criteria  for  the  C-5A  aircraft.  A test  section  was  constr.:cted  to  a vi 
adequate  for  seven  similar  test  lanes,  r'ach  lane  was  divided  into  ”,vo  unsurfaced 
items  havinc  diffei*ent  suberode  CHR  values.  Traffic  was  applied  by  nodcl  wide 
a nultivheel  assembly,  and  a conventional  sint^l e-whecl  assembly.  Tr.e  sarie  load  a 
tire  pressure  were  maintained  for  all  ter>ts.  This  report  presents  a description 
the  test  section  and  wliecl  assemblies,  and  cives  soil  strenctlis,  drawbar  pull,  an 
siu’face  deformations  and  deflections.  Also,  the  nujiiber  of  traffic  tr-.sses  complct 
before  failure  occurred  on  each  test  item  is  Given.  An  analysis  of  ^raffic  data, 
with  conclusions,  is  presented. 


KEYWORDS:  Aircraft;  Aircraft  tires;  Ground  flotation;  Pneumatic  tires 
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j II-  SUPREEMCNTARV  notes 
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ia.  SPONSORING  MILITARY  ACTIVITY 

Naval  Air  Engineering  Center 
Fniladelphia,  Pennsylvania 

*o*T#«ACT  ir*vo£tif;atior4  was  conducted  to  ovaiuatc  and  cariOaro  the  oer*o.T:'.anco  oi'  I 

: * * 4 

<uv'  ::;at  fabi'ica-ced  by  V'ashinston  Aluninur.  Co.,  Enterprise,  Ala.,  from  ex'orusions  made 
by  Kaiser,  Dow,  and  Alcoa  with  that  o:’  AK3  mat  extruded  and  fabricated  by  Harvey 
Aluminum  Co.,  Torrance,  Calif.  A test  section  consisting  of  one  sand  subgrade  item 
I ar.>:  two  clay  subgrade  items  with  various  CBU  strength  values  was  constructed  and  s\ir- 
faced  with  the  mats.  The  test  section  was  subjected  to  traffic  with  a test  load  cart 
equipped  with  a single-wheel  gear  assembly  with  UOO-psi  tire  pressure,  loaded  and 
operated  to  simulate  various  operations  of  a fighter-type  aircraft  on  a landing  mat 
runway,  ilascd  on  the  results  obtained  in  lis  study,  it  is  concluded  that:  a.  Tae 

ipcrfoiir.ancc  oi'  .'dlA  mat  is  greatly  influenced  by  the  quality  of  weld  at  end  joints. 

Tuo  vn'lils  on  ti.o  Dow  and  Alcoa  mat  extrusions  as  initially  fabricated  fay  Washington 
AliWiirnim  Co.  wore  oi'  poor  quality  and  resulted  in  early  mat  failures,  iluwcvcr,  modi- 
i'ii'at'.on:;  of  tuo  v/clhiti,";  procedure  fay  Washington  Aluminum  Co.  resulted  in  very  satis- 
factory mat  frim  the  sune  extrusions,  fa.  The  greater  web  tliichnoss  in  the  core  of 
ttio  Kaiser  mat  extrusions  resulted  in  a stro/.gcr  i;;at  core  that  will  sustain  a larger 
fiurioer  oi'  load  repetitions  (passes)  in  a single  track  tiian  will  any  of  tiio  other  mats 
tested.  £.  All  mat  extrusions  tested  will  meet  the  minimum  SATS  requirements  for 
A.V2  mat,  provided  proper  fabrication  and  welding  techniques  are  followed. 

KEYWORDS:  Aluminum  landing  mats;  Extrusions  (Landing  mats);  Traffic 

tests;  [AM2  landing  mats] 
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12.  SHONSORI..C  t^lLlTAHV  ACTIVITY 

Office,  Chief  of  Encir.ccrs 
Washingto;';,  D.  C. 


K.n,^;ir.c>  ;•  f-ts  v.oro  cor'iuc'ccd  on  a full-scale  r.odel  beach  in  a wave  tar.k  of  the  tUS 
!iyvlra’..lics  Divl.lc.n.  The  beach  v.a.s  constructed  of  sand  auproxiniatinf,  th.at  fouj'.d  on 
Leach. jj  in  t;;c  fh  Asian  tlicatcr  of  operations  (TO).  Beach  slopes  ranced  froci  10  tc 
20  percent.  Wave  s induced  upon  the  beach  si.a.ulatcJ  those  found  in  TO  cove  and  bay 
areas.  The  tests  wore  conducted  by  in.stallir.g  various  types  of  orpediont  surfacing 
I . iterials.  suei.  as  y.o  pierced  steel  plant;  landing  ir.at  and  >119  aluniintfn  la.ading  mat 
with  and  without  attchors  and  with  and  without  Tl6  sier.brai’.e  over  a prepared  ssjtd  beach 
;uid  subjecting  tnos.e  installations  to  wave  action  and  vch.icular  traffic.  The  separate 
r.aj'ip.s  wore  ti  ;;tc  d b.y  firr.t  ob.scrving  detrimental  effects  caused  by  wave  action  alone 
.us.  th.  n by  a cet.i.in.ation  of  wave  action  ;md  traffic  loading.  'Tnese  scur.e  factors 
wi  r.  ohsirv.  >i  in  u. .Lorsdning  detrimental  effects  of  traffic  and  wave.-,  on  a bare  beach, 
.'.tan. lard  s.iiitary  v.-hicic.:  used  in  the  trafficking  cyclc.s  were  the  M91  l/^l-ton  cargo 
truck  '.nd  t:...  2-l/2-ton  CxG  cargo  truck.  None  of  the  materials  or  combinations 

thi.ri  of  sati.-.factorily  stabilised  the  beach  foreshore  or  provided  an  0TB  ra-mp 
appn  cia.ily  better  than  the  natural,  bare  sand.  Benefits  gained  by  installation  of 
•;;y  of  thi.ee  0TB  rasps  arc  short-term  due  to  the  rapid  deterioration  of  the  ramp 
.■■.•.u..laLion. 


Kl'.YW0r<DS: 


Aluminum  landing  mats;  Reach  traf ficability ; Expedient 
surfacings;  Membranes;  Scale  models;  Steel  landing  mats; 
Traffic  tests 
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jtrSAl-A).  MoAl-',  r-.at  panels  contain  a l/8-in.  joggle  along  the  rolled-box  edge  to 
j elir.i.n.ate  excessive  tire  danage  for  aircraft  operating  on  this  raat.  Traffic  tests, 
skid-resistance  and  tire-wear  tests,  and  laboratory  strength  tests  were  conducted, 
forriparisons  were  made  of  I-^SaI-A  mat,  TIO  mat,  and  nSAI  mat  made  by  various  manufac- 
turers. The  effect  of  the  joggle  on  performance  of  the  I-i^Al-A  mat  was  not  fully 
deteimined  due  to  the  premature  and  unexpected  failure  of  the  mat  at  the  locking  lugs 
opposite  bayonet  15.  The  performance  of  the  TIO  mat  was  satisfactory  since  no  failures 
occurred.  There  was  no  significant  difference  in  performance  of  the  liSAl-A  and  N6a1 
mats  (i.e.  mats  with  .and  without  the  joggle,  respectively).  Ko  appreciable  tire 
d'u.ia ',e  occurred  in  .any  of  t'ne  skid  tests;  tire  wear  was  reasonably  unifora  for  all 
tiircQ  mats  tested  and  wis  not  I'onnidered  excessive.  Ko  significant  difficulty  tos 
' t.ou-'.t'.r'.d  in  an  i nl,i;r"tian,.','-'aiii  lity  test  on  Uio  tliree  tyi>os  of  m.at ; liowever,  it 
./oull  'i'.si  ral.l':  not  to  jilano  M?)A1  .ami  m8A1-A  mats  in  the  s:une  rujis.  Tlie  k3a1-A 
aneet  and  laia-conncntor  li.ar  m.itori.al  met  tlio  specification  rec;uiremcnts.  Itased  on 
t.iiose  findings,  it  is  lielloved  tliat  modification  of  tiic  rolled-box  edge  to  iiicorporate 
I ,io  If  is  not  w.arr.anled. 
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lii  .•■,  i.;pon.';c  to  a requr  at  by  the  Offic(',  Chief  of  ICiq-;ineers,  ai;  accelerated  test  pro- 
ijra;..  v.a;.  pianr.cd  and  executed  by  the  U.  S.  Arr^'  Engineer  V.'atcrway.s  Exporiir.ent  Sta- 
uior.  CLuriny,  the  period  9-19  February  I968.  i’ne  fjencral  purpose  of  fne  test  procrair. 
was  to  j.  t.' ;'ir.ir.e  the  best  readily  available  mcajis  of  stabilising  areas  of  flat  a;.d 
;.eu;...,  c . ■e.i  uo  resist  the  c:ffects  of  v/ind  and  water  erosion.  The  scoi.c  of  t'nc  tost 
prot:ra;.'.  ii-.cluded  (a)  cxair.i nation  o,'  tl'.rec  potential  stabilir.cr  s-.atcriais  (UCA.K-131, 
Ilynatecli  i'or;:.u'; ation  2Pu,  and  a polypropylene  fai'ric  inipre(jnated  wiuh  asphalt  er.'.ul- 
. 'U’l,),  (.  ) fa;  rioation  and  invectif'ation  of  various  ccuiprr.ent  capabilities  for  app^y- 
ii..;  tla  siiec-ed  i:.at.  riaLs,  a.ad  (c)  con.struetion  and  testinf;  of  field  test  sections 
to  demonstrate  the  s'.aterials  and  cquiiis.ent  capabilities.  A laboratory  investir.atioa 
wa:  pi  rl'orni  li  to  determine  tlic  c ffectivencSo  of  tlie  selected  jrat.  rials  in  stabili  zi  Ji;' 
.'■.anil,  to  I :;t.'ablish  ap.nropriate  field  u;;a('e  parasicters,  and  to  exieiiiuc  the  influence 
ol'  inviri  ,1  lit  faetoja.  suoli  a;;  teiiijierature , hu’ii I. d i ty , and  qu.'ility  of  avail.ahle  water 
:'or  ■lin.'-i.n  on  tlie  stabilizini',  capabilities  oJ'  Uie  mater iiiis.  Dir.ti'iViution  cquiii- 
111!.'  ; tudi.  d .'lint  a;t';.cii.b.led  to  pi'ovidc  cajiabi  1 it  i es  for  spj'ayiri;’.  sand  iiiinuids  witti 

■Cl  ■».  pi.  til  Ji.'.triliutor , liand-lield  liose.s,  and  a biich-pack  sprayer.  Field  ti'St  sec- 
;i  :..  ...  j'.  co.istrueted  ;u'.d  tested,  under  extremely  adverse  climatic  conditions,  to 
ill  ; ii;ir.ti'.ate  ti.i  cap.'ibi  lilies  foi'  stabilizint;  satid.  It  was  c>'bcrally  concl'caed  tl.;it 
•I Li.  'ej.i'i  I of  tiic  materi.als  examined  and  all  of  tlic  ite.ms  of  oquip.T.ent  assembled  can 
ii  II.-' d iffeetivcly  to  stabilize  sand  for  the  intended  pxirpose,  provided  tlioy  are 
...  ■ ■■;■  'tLy  and  i.i'.dej'  eot.Ji  lions  appropriate  to  tiii'  achievement  of  .•;.axi:;i.m'.  result.. 
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The  purpose  of  this  report  is  to  present  the  results  of  an  inspection  perfors.ed  at 
Michael  Amy  Airfield  (AAP)  in  April  196?.  The  inspection  was  limited  to  visual  ob- 
servations as  no  tests  were  conducted  on  the  existing  runways  and  taxiways.  A layout 
of  the  airfield  is  shown  in  plate  1. 
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layout  of  the  airfield  is  shown  in  jdate  1. 
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The  major/fflinor  wheel  vehicle,  an  experimental  vehicle  that  employs  the  Terras-.ar 
locomotion  concept,  was  tested  on  soils  having  a wide  range  of  strengths,  on  ascr. 
pavement,  and  in  water.  The  purpose  of  the  tests  was  to  determine  (a)  the  mir.i-t 
soil  strength,  in  terms  of  rating  cone  index,  that  will  permit  the  vehicle  tt  ctm 
one  and  50  passes  in  a straight-line  path  (i.e.  the  vehicle  cone  index  for  one  ts 
VCIj^,  and  50  passes,  VCI^q),  (b)  one-pass  drawbar  pull-slip  and  motion  resistance 
strength  relations,  (c)  nard  surface  drawbar  pull- vehicle  speed  relations,  (d)  cl 
climbing  capabilities,  (e)  water  speed,  and  (f)  water  exit  capabilities.  Mechani 
breakdowns  prevented  completion  of  some  portions  of  the  test  program.  The  experi 
Veijo  was  determined  to  be  21  and  the  experimental  VCIp  to  be  8.  This  compares  f 
ably  with  the  computed  VCI50  27  and  computed  VCIp  of  lU.  The  maximum  drawbar 
on  a paved  surface  was  65  percent  of  vehicle  weight;  the  m.aximum  drawbar  pull  or. 
was  about  57  percent  of  vehicle  weight.  Maximum  drawbar  pull  and  motion  resistan 
were  shown  to  be  related  to  soil  strength.  The  maximum  water  speed  was  3.0  mph. 
Appendix  A presents  the  formula  and  computations  for  determination  of  the  vehicle 
cone  index. 
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I This  report  describes  fin  investigation  conducted  to  evalufite  fUi  experimental  quiuitity 
1 of  extruded  aluiiiinum  alloy  landing  mat.  The  mats,  wliich  were  desif’.ncd  and  fabricated 
! by  the  Dow  Metfil  Products  Division  of  the  Dow  Chemical  Co.,  Midltuid,  Mich.,  arc  one- 
piece  hollo'W  extrusions  fabricated  from  G06l  (der.ipn.atod  MX18-D)  and  7005  (dosi c.nated 
M\Mfi-c)  aluminum  alloys,  artificially  aned  to  the  TO  condition.  The  panels  are  inter-  I 
locked  alone  i-l'c  sides  liy  means  of  a hinpe-tyjio  connector,  the  components  of  whicli  are 
an  intccral  part  of  the  basic  panel  extrusion.  End  connectors  are  composed  of  extruded 
connectors  Vfclded  to  the  basic  panel,  and  consist  of  an  overlap  and  undcrlap  section 
secured  by  a lockinc  bar  after  individu.al  panels  hfive  been  joined  toecther.  This  in- 
vostif'.ation  consisted  of  traffic  tests  to  obtain  infor.mation  for  use  in  comparing  the 
jicrfonnance  of  the  mats  with  project  requirements.  The  traffic  tests  were  conducted 
on  a prepared  cuby,rade,  witli  a rollinc  wheel  load  simulatinp  actual  aircraft  opera- 
tions. These  tests  were  conducted  v/ith  a 25,000-lb  sinylc-whcel  load  witli  a tire 
inflation  pres.-.urc  ol'  250  j'Sj  on  a mat-surfaced  subf-radc  with  a rated  ClMl  of  3.7  anl 
h.O  for  the  i-XlH-li  and  f.Xlfi-C,  respectively.  Tlio  raiH-B  was  considered  marginal  as  it 

just  mot  the  project  retjuiromont  of  200  coverages  on  a li-CBH  subgrado.  The  fOilfi-C  ex- 
ceeded the  traffic  criteria  by  35  percent  and  was  considered  desirable.  Test  data  re- 
ported herein  were  evaluated  against  criteria  for  medium  mat  established  in  January 

1965  by  tile  U.  G.  Army  Materiel  Contnind  and  siunnuirir.ed  in  Appendix  A.  Ttie  criteria 
were  subsequently  revised,  and  an  updated  qualitative  ii.atcricl  requirement  was  approved 
on  2 April  I9GO.  Partiier  .study  and  testing  are  needed  to  develop  aneillaries  to  expe- 
dite mat  placement  and  field  serviceability.  It  is  recommended  that  tlio  fabricator  in- 
corporate tlie  ilcscribcd  improvements  in  the  mats  and  exercise  tlic  fabrication  controls 
discussed  liercin,  and  also  tliat  the  mats  be  service  tested  to  validate  the  findings  of 
the  engineer  design  tests. 

KliYWORDS:  Aluminum  landing  mats;  Extrusions  (Landing  mats); 

[XM18-B  (Landing  mat);  XM18-C  (Landing  mat)] 
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IS.  SPONSORINO  MILITARY  ACTIVITY 

OiVicc,  Chief  of  liigineers,  U.  S.  Aray 
Washinijton,  D.  C. 


I This  study  vas  conducted  to  determine  if  T17  neoprene-coated  nylon  membrane  is  effee- 
I tive  in  increasinc  the  load-carrying  capability  of  a soil  when  used  in  road  and  air- 
field construction.  A test  section  approximately  15  ft  wide  and  100  ft  long  was  con- 
structed as  a two-laycred  system  consisting  of  a uniform-strength  base  (C3B  ^ lO)  and 
a uniform-stronguh  subgradc  (C3S  =“  4).  I’hc  test  section  vras  divided  into  four  test 
items,  each  25  ft  long.  One  item  involved  no  r.embre.ne,  but  TIY  membrane  was  used  in 
* various  irianners  on  the  other  three  items.  A total  of  100  coverages  of  traffic  was 
applied  on  the  test  section  with  a test  load  cart  equipped  with  a 25,000-lb  single- 
wheel  load  assembly  with  the  tiro  inflated  to  produce  a contact  pressure  of  100  psi. 
Comparative  perforsiance  of  the  various  tost  items  '.as  observed.  The  results  of  the 
tests  indicated  that  no  significant  load-distribution  benefits  were  derived  from  the 
membrane . 


KEYWORDS:  Membranes;  Nylon  fibers;  Traffic  tests;  [Tl?  membranes] 
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b'f«l  B>»y  6* 
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Aaval  Air  Pn^inccrii."  Center 
Philadelphia,  Pa. 


This  investit'ation  wos  conducted  to  evaluate  tvo-pieco  AMi?  Jandiii"  irat  extruded  and 
fabricated  by  May  Aluc-.inu;n,  Inc.,  K1  Campo,  Texas.  The  r.iat  v/as  fabricated  from 
tvo  l.l-in.-Vfide  extrusions  welded  tojetlier  to  for;.",  a 2-ft-w-juo  plaif.s.  A test  section 
coiisistini'  of  one  .sand  and  two  clay  cubgradc  iteii-.s  witli  va:-lous  CBR  strcuy.ti;  values 
was  consti'uctod.  and  i.r.rfaced  with  the  r.at.  Tne  test  section  v.as  subjected  to  u;iifor;:i- 
coverace  and  sinfile-linc  Uai'fic  renrcscntii'.jj  operations  of  aii  aircraft  havinc  a 
()0,000-lb  f;rcss  wcit'.lit  with  a sini;lc-v;!'.ccl  min-i^car  assc:..b3y  load  of  27,000  lb  with 
a 30-7.7  tire  inflated  to  1|00  psi.  Based  on  tlie  results  obtained  in  t'r.is  study,  it 
i.s  concluded  that:  a.  T5)c  .'’ia/  two-piece  A.'-il  will  .sustain  laOO  cycles  {l3£!  covoray.cs) 

of  aircraft  operations  with  ,a  27,C;00-lb  sinclc-whecl  load  and  l|00-psl  tire-inflavion 
pre.;.s\u’o  when  ri.i.acod  e..  a sub.'-jradc  havinK  a CBR  of  h.l  or  greater  throuf;.liout  the 
pcj-iod  of  Lr.affic.  b.  Ihc  May  two-piece  AM?  will  su.stain  loOO  passes  of  a 27, 000-lb 
sliir,lc-v/heel  lo.ad  with  a tire-inflation  pressure  of  hOO  ])si  in  a sinylo  path  located 
l-i./l!  ft  or  more  from  the  sat  end  Joints  wb.cn  placed  oi'i  a sub,';rade  b.avir.i;  a CUR  of  i;.3 
or  creator  tlirouci'.out  the  period  of  traffic,  e.  CcnciaU  behavior  of  the  r.at  in  these 
tests  v;as  not  materially  affected  by  the  two-picce  nature  of  tlic  planks. 
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12.  SPONSORINC  MILITARY  ACTIVITY 

U.  S.  Air  Froce 

The  purposes  of  the  investigation  reported  herein  were  to  (a)  determine  the  teohr.iques 
required  to  construct  a waterproof  fine-grained  soil  base  course  by  encasing  the  soil 
layer  in  a protective  membrane  envelope,  (b)  evaluate  several  types  of  membranes  for 
use  in  this  waterproofing  techniques,  and  (c)  determine  the  effects  of  aircraft 
traffic  under  a range  of  weather  conditions  on  a base  course  so  constructed.  A test 
section  was  constructed  having  (a)  a highly  compacted  lean  clay  base  course  over  a low 
strength  subgrade  of  the  sane  soil,  and  (b)  a hea-vy  clay  base  course  over  a loose  sand 
subgrade.  During  construction,  various  surface  and  subsurface  membranes  were  bonded 
together  to  form  a single  watertight  envelope  encasing  both  base  courses.  The  initial 
strengths  of  the  top  6 in.  of  the'  lean  clay  and  the  heavy  clay  were  approximately  32 
and  31  CBR,  respectively.  The  test  section  was  trafficked  with  a simulated  r-hC  air- 
craft loading.  Traffic  was  applied  intermittently  for  a 7-1/2-month  period.  From  the 
results  of  this  study,  it  was  concluded  that:  a.  A fine-grained  soil  base  course  can 

be  successfully  protected  from  water  intrusion  by-  encasement  in  a protective  membrane 
envelope.  This  can  be  acco.mplished  in  the  field  using  the  techniques  and  equipment 
described  herein,  b.  T1  and  T2  membranes  are  not  satisfactory  for  use  as  surfacing  on 
a tactical  assault  field  of  this  type.  TI6,  T17,  or  WXI8  membranes  will  withstand  the 
abrasive  action  of  a free-rolling  F-UO  aircraft  wheel.  However,  a recently  completed 
comparison  study  indicated  that  only  the  WXI6  has  sufficient  tear  strength  to  sustain 
broking  and  short-radius  turns  of  F-liC  aircraft,  c^.  All  subsurface  membranes  used  in 
the  tests  reported  herein  were  effective  in  waterproofing,  but  the  TI6  was  more  durable 
than  the  lighter  membranes  and  less  subject  to  damage  during  construction. 

KEYWORDS:  Bare  base  support;  Landing  strips;  Me.vbrane  enveloped  soil  layer;  "embranes; 
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U.  S.  Army  Materiel  Command 
Washington,  D.  C. 


This  investigation  was  conducted  to  evaluate  the  load-dislributintj  capability  of  thin,  very  high-strength  steel 
membrane.  A test  section  was  constructed  of  uniform-strength  heavy  clay  and  surfaced  as  foliov.'s:  15-mil 
steel  membrane,  11-mil  steel  membrane,  and  naoprcno-coated  nylon  membrane  placed  directly  on  the 
subgrado;  15-mil  .steel  membrane  over  .subgrade  sprayed  with  an  asphalt  lack  coat;  and  one  unsurfaced  area. 
The  test  section  was  trafficked  with  a tost  cart  v.iith  a 20.00-20.00,  22-pIy  C-130  aircraft  tiro  inflaiod  to  85 
psi  loaded  with  30,000  lb.  Okservations  and  tests  were  made  to  evaluate  the  performance  of  the  various 
? membranes  and  th.e  subgrado.  Laboratory  tests  of  the  tensile  strength  of  the  steel  membranes  were  made, 
jj  Based  on  the  results  obtained  by  this  study,  it  was  concluded  that:  (a)  when  placed  on  a subgrade  of  5-  to 
!■  6-CBR  strength  and  trafficked  with  the  load  cart  described  above,  neither  the  11-mil  nor  the  15-mil  steel 
:■  membrane  exhibited  any  appreciable  load-distributing  capacity;  (b)  application  of  an  asphalt  tack  coal  on 
the  subgrado  did  not  materially  improve  the  performance  of  the  steel  membrane;  (c)  although  very  high  in 
tensile  strength,  the  steel  membranes  used  in  this  test  did  not  withstand  the  differential  stre.ssos  and  flexing 
imposed  by  rolling-v/hocl  traffic. 
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IJ.  AAJTAACT 


The  purpose  of  this  investigation  was,  to  investigate  the  possibilities  of  developing  ) 
a laboratory  test  for  soil  cement  using  specimens  compacted  to  CE  ^100  modified  max- 
imum densities.  -Standard  ASTM  freeze-thaw,  wet-dry  and  compressive  strength  tests  fo: 
soil  cement  were  conducted  on  specimens  compacted  to  100  percent  and  96  percent  CE 
modified  maximum  densities  at  modified  optimum  moisture  content  and  specimens  com- 
pacted to  standard  (ASTM  0-668)^^  maximum  densities  at  standard  optimum  moisture 
contents  in  order  to  correlate  the  durability  and  compressive  strengths  of  the 
specimens.  The  group  of  specimens  compacted  to  96  percent  modified  CE  densities  were 
incorporated  to  determine  what  would  happen  if  100  percent  modified  .densities  were 
aimed  at  and  some  density  less  than  this  was  obtained.  Length  change  and  pulse  vel- 
ocity were  measured  during  freeze-thaw  and  wet-dry  te.sting,  and  pulse  velocities 
were  measured  on  the  compressive  strength  specimens.  This  investigation  was  con- 
ducted for  two  types  of  soil,  a clayey  sand  (A-2-U)  and  silty  clay  (A-T-6). 


KEYWORDS;  Compaction  requirements;  Soil  cement 


DD  /fV..-j473 


ASFi.ACXS  00  *OAW 


,t.  I ^AN  *A.  WMICH 


UncDASslfSod 


Secunry  CI«*«t<tcauoA 


282 


V.  M-.v  V.'iitoi-wayG  ii%pci-i!r.or.'t.  Ol-i-oiOG  I 


VickSovr.'.’., 


- j.  *i  .''o  4 r j I ;i-  i- 


COiWITION  SUhVi:,^,  DAVISOM  /JilY  AIRFUa.D,  yO;i?  BYI^VOIR,  VliiCIHIA 


. 0>  ST  Al  uU  TtwN 


Approved  for  public  release;  distribution  unlimited. 


V MU.J  T Art  V ACT«V. 


I Ori’ice,  Chief  of  Engineers,  U. 
j V/eshington,  D.  C. 


The  purpose  of  this  report  is  to  present  the  results  of  an  inspection  performed  a.z 
Davidson  Army  Airfield  (DA/iF)  in  June  1967*  The  inspection  vas  limited  to  visual  ob- 
servations, and  no  tests  were  conducted  on  the  existing  runways  and  taxivays. 
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Purpose  of  the  investigation  was  to  study  the  performance  of  selected  portions  of 
the  subsurface  drainage  facilities  in  connection  with  Field  Performance  Studies, 
Drainage  and  Erosion  Control  Facilities.  The  investigation  included  a visual 
inspection  of  the  facilities  and  discussions  of  their  performance  with  Base 
personnel . ‘ 
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1:  13.  AUST^ACT 


|?his  reporu  describes  an  investication  to  evaluate  the  use  of  some  asphalt  and  latex 
! emulsions , mulches,  erosion-control  blankets,  lightweight  membranes,  and  filter  blan- 
jkets  as  rrieans  of  controlling  dust  in  the  Southeast  Asia  theater  of  operations.  These 
'.materials  v/ere  subjected  to  helicopter  down’.raish  blast,  fire,  rain,  waterproof,  and 
■ .•a;'..  o:r,  vehicle  traffic  tests.  The  helicopter  tests  consisted  of  placing  the  materials 
: o.‘.  .roc  different  soils,  dry  sand,  clayey  silt,  and  heavy  clay,  contained  in  three  test 
carts  with  each  material  placed  on  each  soil.  Materials  that  required  a cure  period 
ij  were  allowed  to  cure  at  ambient  conditions  for  hr  prior  to  tests.  Each  material  then 
I’ was  subjected  to  simulated  disk  loadings  of  6.0,  7.5,  9.03  and  10.5  Ib/sq  ft  until 
. 'allure  or  for  a miniinu.m  of  1 min.  Plight  o::  of  JP-4  jet  fuel  was  poured  on  a material 
:...id  ignited,  and  the  observation  was  made  whether  the  material  continued  to  burn  after 
;i  : ho  fuel  had  been  consumed.  Aft'.cr  the  helicopter  downwash  blast  tests  had  been  com- 
Ijpletcd,  the  materials  were  subjected  to  simulated  rainfall  of  1 in. /hr  for  1 hr  to 
!' determine  the  effects  of  the  rain.  The  material  was  then  resubjected  to  the  helicopter 
'^downwash  blast  tests.  Each  material  was  placed  on  soil  and  a known  amount  of  water 
i was  placed  on  it  during  the  waterproof  test.  The  time  required  for  the  water  to  pass 
j through  was  recorded,  and  the  amount  of  water  that  passed  through  was  measured.  The 

! materials  were  subjected  to  random  vehicle  traffic  tests  on  a test  section  10  by  60  ft 
with  four  15-ft-long  items  with  different  soils,  loose  sand  and  clayey  silt,  compacted 
' clayey  silt,  and  heavy  clay  (one  soil  typo  per  item). 

KEYWORDS:  Dust  control;  Expedient  surfacings;  Materials;  Military 

operations;  [Southeast  Asia] 
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It.  AO&TRACT 


This  report  describes  an  investigation  conducted  to  evaluate  an  extruded  aluminum  alloy  landing  mat 
fabricated  by  Harvey  Aluminum,  Inc.,  Torrance,  California.  The  I-  by  6-ft  mat  is  a one-piece  hohovv 
extrusion  fabricated  from  6051  aluminum  alloy  artificially  aged  to  the  T6  condition.  The  main  feature  of 
the  mat  was  the  incorporation  of  a nonwclded  end  joint,  which  was  an  integral  part  of  each  panel. 
Individual  panels  were  joined  together  at  the  end  joints  by  H-shaped  extruded  aluminum  locking  bars.  This 
investigation  consisted  of  traffic  tests  to  obtain  information  for  use  in  comparing  the  performance  of  the 
experimental  rnat  with  project  requirements,  and  to  determine  the  feasibility  of  fabricating  mat  with  this 
type  of  end  connector.  A test  section  consisting  of  a heavy  clay  subgrade  (rated  CBR  of  3.6)  surfaced  with 
the  Harvey  mat  was  trafficked  with  a rolling  wheel  load  simulating  actu.il  aircraft  operations.  The  tests  were 
conducted  using  a load  cart  with  a single-wheel  load  of  25,000  lb  and  a tiro  inflation  pressure  of  250  psi. 

The  lest  section  failed  after  eight  coverages  due  to  the  tire  hazard  caused  by  end-joint  curling.  Since  there 
was  no  other  apparent  damage  to  the  mat,  it  was  decided  to  modify  the  mat  and  continue  traffic.  All  panels 
in  the  traffic  lane  were  removed,  and  the  corners  formed  by  a female  connector  and  an  end  joint  were  cut 
off.  The  panels  were  rolaid  in  their  original  location  and  traffic  was  conlinucd.  The  section  was  coitsidcred 
failed  after  100  coverages  due  to  severe  curling  and  dishing  along  end  joints  and  female  comiectors. 
Strength  evaluation  of  the  mat  indicated  that  the  mat,  as  fabricated,  vsould  support  12  coverages  of  the 
25,000-lb  single-wheel  load  if  placed  on  a subgrade  with  a rated  CBR  of  d.O,  Evaluation  of  the  mat  after 
modifying  the  end  joints  indicated  that  the  modified  mat  was  capable  csf  supporting  about  IdO  covcraqcr,  of  j 
the  25,000-lb  load.  Therefore,  neither  the  mat  as  fabricated  nor  the  n»edified  mat  would  meet  the  soivice  |' 
life  criterion  of  200  coverages.  KEYWORDS:  Aluminum  landing  mats;  Extrusions  | 

(Landing  mats);  Traffic  tests;  [Harvey  Aluminuw,  Inc.]  j 
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tl.  •AONIOAiNO  MILITANT  ACTIVITY 

Naval  Air  Engineering  Center 
Philadelphia,  Pa. 


It.  AOSTRACT 

This  investigation  was  conducted  to  evaluate  the  performance  of  AM2  landing  mat  from  production-line 
fabrication  by  Washington  Aluminum  Company,  Inc.  (WACO),  Baltimore,  Md.  A test  section,  consisting  of 
two  clay  subgrade  items  with  different  strengths  and  one  sand  item,  was  constructed  and  surfaced  with  the 
AM2  mat.  The  test  section  was  subjected  to  traffic  representing  1600  operational  cycles  of  an  aircraft 
having  a 60,000-lb  gross  weight  with  a single-wheel  main-gear  assembly  load  of  27,000  lb  and  a 30-7.7  tire 
inflated  to  400  psi.  Based  on  the  results  obtained  in  this  investigation,  it  is  concluded  that  (a)  the  AM2  mat 
will  sustain  1600  cycles  (188  coverages)  of  uniformly  distributed  aircraft  operations  with  a 27,000-lb 
single-wheel  load  and  400-psi  tire  inflation  pressure  when  placed  on  a clay  subgrado  having  a CBR  of  4.0  or 
greater,  (b)  the  AM2  mat  will  sustain  1600  passes  of  a 27,000-Ib  single-wheel  load  with  400-psi  tire  inflation 
pressure  applied  in  a single  path  when  placed  on  a clay  subgrade  having  a CBR  of  4.2  or  greater,  with  slight 
core  damage  occurring  in  a small  percentage  of  the  planks,  and  (c)  the  ATd2  mat  will  sustain  1600  passes  or 
188  coverages  of  a 27,000-lb  single-wheel  load  with  400-psi  tire  inflation  pressure  when  placed  on  a loose 
sand  subgrade. 


KEYWORDS:  Aluminum  landing  mats;  Traffic  tests;  [AM2  landing  mats, 

Washington  Aluminum  Company,  Inc.] 
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U.  S.  Army  Materiel  Command 
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thact 


The  investigation  reported  herein  was  conducted  to  evaluate  an  extruded  aluminum  alloy  landing  mat, 
designated  modified  MX18-B,  which  was  produced  under  contract  No.  DA-22-079-eng-'167  (Neg).  This  mat 
was  also  tested  at  Dyess  AFB,  Texas,  in  an  integrated  engineering  and  service  test.  The  modified  MX18-B, 
which  was  designed  and  developed  by  the  Dow  Mela!  Products  Division  of  the  Dow  Chemical  Company, 
Midland,  Michigan,  is  a one-piece  extrusion  fabricated  from  6061  aluminum  alloy  artificially  aged  to  the  T6 
condition.  The  panels  are  interlocked  along  the  sides  by  a hinge-type  connector,  the  components  of  which 
arc  an  integral  part  of  the  basic  panel  extrusion.  End  connectors  are  composed  of  extruded  connectors 
welded  to  the  basic  panel  and  consist  of  an  overlap  and  underlap  section  secured  by  a locking  bar  after 
individual  panels  have  been  joined  together.  Accelerated  traffic  tests  were  conducted  on  a prepared 
subgrade,  with  a rolling  wheel  load  simulating  actual  aircraft  operations.  In  order  that  the  effects  of 
traffic  on  the  mat  could  be  determined,  the  mat  in  item  1 was  placed  in  the  normal  pattern  with  the 
longitudinal  (side)  joints  perpendicular  to  traffic  and  in  item  2 with  the  longitudinal  joints  parallel  to 
traffic.  Tests  were  conducted  with  a 25,000-lb  single-wheel  load,  with  a tire  inflation  pre.ssure  of  250  psi, 
on  a mat-surfaced  subgrade  with  rated  CBR's  of  3.4  and  3,5  for  items  1 and  2,  respectively.  The  modified 
MX18-B  mat  in  item  1 sustained  350  coverages  of  traffic,  which  was  equivalent  to  670  coverages  on  a 
4-CBR  subgrade  and  exceeded  the  project  requirements  (200  coverages  on  a 4-CBR  subgrade)  by  235 
percent.  The  modified  MX18-B  mat  in  item  2 sustained  200  coverages  of  traffic,  which  was  equivalent  to 
325  coverages  on  a 4-CBR  subgrade  and  exceeded  project  requirements  by  62.5  percent.  Skid  tests  were 
performed  on  both  dry  and  wet  surfaces  with  a pneumatic-tired,  two-wheeled  load  cart. 

KEYWORDS:  Aluminum  InnclJng  mats;  F.xtrusions  (L.nnding  mats);  Load 

tests;  [Modified  MX1.8-B  landing  mat] 
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U.  S.  Amy  Materiel  Command 

Washington,  D.  C. 

plastic  material  (STRATOGLAS)  molded  into  a waffle-like  configuration  for  use  in  Army 
depot  open-storage  areas.  The  mat,  termed  MO-MAT,  was  designed  and  fabricated  by  Air 
Logistics  Corp.,  Pasadena,  Calif.  Individual  panels  are  50  ft  long,  11  ft  wide,  and 
0.085  in.  thick,  and  weigh  570  lb.  A single  layer  of  mat  was  investigated  in  test 
series  I on  two  different  subgrades;  a wet  sand  and  a dry,  loose  sand.  Traffic  was  ap- 
plied with  a Hyster  Model  RT-150  forklift  with  payloads  of  0,  5000,  10,000,  and  15,000 
lb;  a 2-l/p-ton  M35  cargo  truck  with  35-psi  tire  pressure  eind  a gross  weiglit  of  18,000 
lb;  a 5-ton  M54  cargo  treck  with  35-psi  tire  pressure  and  a gross  weight  of  30,000  lb; 
and  a Towmotor  Model  540-RS  forklift  without  a payload.  A total  of  8 cycles  was  com- 
pleted on  the  test  section,  with  3870  passes  applied  to  the  hif^i-intcnsity  traffic 
areas.  The  Hyster  KT-150  with  the  15,000-lb  payload  was  the  most  critical  load.  Minor 
maintenance  was  necessary  on  the  test  section  during  the  investigation.  In  test  scries 
II,  the  single  layer  of  mat  was  placed  on  two  heavy  clay  subgrades:  one  witli  a CBR  of 

3 and  one  with  a CUR  of  6 to  7.  Traffic  was  applied  with  i-hc  Hyster  RT-150  forklift 
with  payloads  of  0,  5000,  10,000,  and  15,000  lb.  Eight  cycles  of  traffic  were  applied 
to  the  test  area,  with  a total  of  *+390  passes  of  traffic  applied  to  the  mat  with  the 
test  vehicle.  Tlic  most  critical  load,  ag.ain,  was  the  Hyster  RT-150  with  a 15,000-lb 
payload.  Minor  maintenance  wan  again  necessary.  From  these  tests  it  was  concluded 
that  a single  layer  of  MO-MAT  was  Mleciuate  as  tested  for  use  in  Army  depot  ojien-storage 
areas,  except  on  low-strength  material  (CUR  of  3 or  less).  Tlicrc  was  no  distinct  dif- 
ference between  the  jicrformancc  of  the  mat  when  placed  on  a dry  sand  or  a wet  sand. 
KLYW0){l)S:  Fiber  n'iuforrod  pinstics;  (..round  inaLLing;  Open  storngc  areas; 
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A need  exists  for  soil-stabilizinc  materia] s capable  of  improving  soils  by  providing 
strength,  waterproofing,  and  alleviation  of  Gust  in  support  of  military  road  and  air- 
field operations.  Laboratory  and  field  investigations  were  conducted  on  two  proprie- 
tary onsjir-atic  materials  to  determine  their  potential  for  military  soil-stabilization 
p\irposes.  Laboratory  tests  showed  that  .neither  of  the  two  enzymatic  products  was  ca- 
pable of  satisfying  requirements  as  a dust  palliative  when  applied  as  a surface- 
penetration  treatment.  Subsequent  tests  of  one  of  the  products  as  a .soil-corapa.ction 
aid  showed  no  benefits  to  a clayey  silt  with  respect  to  densif ication , strengtli,  water 
requirements  for  compaction,  water-retention  properties,  or  soil  waterproofing.  Two 
roadway  test  sections,  one  untreated  for  control  and  one  treated  with  one  of  the 
cn.zymatic  products,  were  constructed  and  trafficked  by  a military  vehicle.  KcaEm-e- 
mentr,  and  observations  in.ade  during  construction  and  traffic  testing  sl.owcd  no  signifi- 
cant difference  between  treated  and  untreated  sections  with  respect  to  strengtli  both 
as- constructed  and  that  which  developed  with  time,  surface  abrasion  and  dust  genera- 
tion under  traffic  on  dry  surfaces,  or  ability  to  support  traffic  under  wet  conditions. 
It  is  concluded  that  these  enzymatic  materials  have  no  potential  for  military  soil- 
stabilization  purposes  and  it  is  recommended  that  no  further  tests  of  these  materials 
be  conducted. 
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...  »e»Ti.»cT  project  was  conducted  to  find  a means  of  rapidly  establishing  surfacing  on  a stable  base  on 
tactical  assault  airfields.  Several  types  of  production  and  experimental  membranes  were  evaluated  to  deter- 
mine their  ability  to  withstand  abrasive  and  tearing  effects  caused  by  fighter  and  heavy  cargo  aircraft  tires 
during  ground  operations.  Related  programs  and  research  conducted  by  the  U.  S.  Army  Engineer  Waterv/ays 
Experiment  Station  were  examined  to  determine  existing  or  potential  techniques  or  materials  that  could  be 
adapted  to  the  Bare  Base  requirements  for  surfacing,  and  field  tests  were  conducted  on  the  items  selected. 
Materials  tested  were  WX18,  a neoprene-coated  membrane,  T16  membrane,  T1  membrane  with  a double 
bituminous  surface  treatment  (DBST),  and  an  11-mil-thick  high-strength  steel  membrane.  The  materials  were 
subjected  to  locked-wheel  skid  and  short-radius  turn  tests  using  equivalent  F-4C  and  C-13C  aircraft  wheel 
loads.  Initial  skid  tests  with  the  F-4C  loading  were  conducted  on  a subgrade  designed  for  static  and  rolling 
F-4C  wheel  loads.  The  additional  load  generated  by  the  locked  wheels  caused  severe  rutting  and  subsequent 
immobilization  of  the  load  wheel.  Subsequent  tests  were  conducted  successfully  in  areas  with  a higher  sub- 
grade strength.  All  matcri.ils  were  subjected  to  one  or  more  skid  tests  using  F-4C  loads.  WX18  was  also  sub- 
jected to  locked-wheel  skid  tests  using  C-130  loads  and  to  short-radius  turn  tests  using  F-4C  loads.  The 
WX18  membrane  .successfully  withstood  all  the  tests,  although  the  neoprene  coating  was  worn  off  in  several 
areas.  The  T16,  T1  with  DBST,  and  11-mil  steel  membranes  were  ruptured  during  skid  tests  with  F-4C  load- 
ings. From  the  results  of  this  study,  it  was  concluded  that:  (a)  WX18  can  be  used  as  an  expedient  surfacing 
material  on  an  assault  airfield  with  adequate  soil  strength  and  will  withstand  the  abrasions  caused  by  ground 
operations  of  fighter  and  heavy  cargo  aircraft,  with  minor  maintenance  required  in  areas  with  severe  abrasions, 
(b)  T1  with  DBST,  T16,  and  11-mil  steel  membranes  cannot  withstand  the  abrasive  effect  of  locked-wheel 
;kids  of  fighter  aircraft;  and  (c)  the  soil  strength  stipulated  by  design  criteria  for  assault  fields  b.ised  on  static 
ind  rolling  loads  may  not  be  adequate  in  all  cases  to  provide  surfacing  that  will  withstand  the  increased  loads 
KEYWORDS:  Airfields;,  Bare  basg  support;  Expedient  surfacings;  Load 
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tngineor  tests  were  conducted  on  a tost  road  at  the  U.  S.  Army  Engineer  Waterways  Experiment  Station, 
Vicksburg,  Miss.,  on  materials  that  seem  applicable  ns  expediert  surfacing  matcri.rls  on  roads  in  the 
theater  of  operations  (TO).  The  tost  road  was  constructed  as  a testing  medium  that  would  represent  a 
ha.stily  built  road  in  the  TO  by  using  the  existing  lean  clay  soil  and  a minim.urn  of  construction  effort. 

The  materials  to  be  tested  wore  in.stal!ed  on  the  test  road,  expcced  to  the  varying  climatological  conditions 
of  the  Vick.sburg  area,  and  subjected  to  mixed  military  pneumatic-tired  traffic.  Vehicles  ranged  in  size  ] 
from  that  of  the  hM-ton  utility  truck  Qoep)  to  the  2-1/2-ton,  6x6  cargo  truck.  As  testing  proceeded,  data 
wore  taken  and  obseivations  were  made  for  the  evaluation  of  the  expedient  surfacing  materials.  It  was 
concluded  from  the  tost  results  that  Class  50  Assault  Trackway  will  furnish  a load-bearing  surface  on  low- 
strength  areas  and  that  MO-MAT,  when  properly  anchored,  will  furnish  an  expedient  surface  for  marginal- 
strength  subgrados.  The  results  also  indicated  that  T16  and  T17  membranes  will  provide  dustproofing  and 
waterproofing  mediums  on  adequate-strength  .stibgrades.  Where  T16  and  T17  membranes  were  tested  as 
surface  drainage  ovorflov.'  sections,  they  performed  well  in  carrying  runoff  across  the  roadway  and  protect-  I 
ing  the  subgrado  from  moisture.  The  most  suitable  expedient  surfacing  material  in  its  price  and  weight 
range  for  adequatc-.strength  subgrades  was  polypropylene  membrane  with  RS-2K  cationic  emulsion.  Because  j 
th;s  low-priccd,  easily  installed  combination  of  materials  far  outperformed  all  competitive  items  during  ' 
tests,  it  is  con.sidercd  the  most  significant  development  of  this  project.  UCAR-131  (now  designated 
DCA-70),  SC-70,  and  Peneprimo  proved  adequate  for  lightly  traveled  areas  for  short  duration. 
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bstract 

Engineer  tests  were  conducted  on  a test  road  coveted  vhth  an  asphalt-impregnated  polypropylene  mem- 
brane at  the  U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES),  Vicksburg,  Miss.,  to  deter- 
mine the  effectiveness  of  the  combined  materials  as  a dustproof,  waterproof  wearing  surface  over 
adequate-strength  subgrades  and  as  an  encasing  membrane  used  to  form  a membrane-enveloped  soil 
layer  (MESL)  in  areas  where  high  water  tables  exist.  The  polypropylene-asphalt  membrane  was  in- 
stalled on  the  test  road,  exposed  to  varying  climatological  conditions  prevalent  in  the  Vicksburg  area, 
and  subjected  to  mixed  pneumatic-tired  traffic  of  military  vehicles.  Vehicles  used  for  testing  were  a 
2-1/2-ton,  6x6  cargo  or  dump  truck  and  a 5-ton,  6x6  cargo  or  dump  truck,  both  carrying  maximum 
off-highway  loads  and  having  appropriate  tire  pressures.  As  testing  proceeded,  data  were  taken  and 
observations  were  made  for  the  evaluation  of  polypropylene-asphalt  membrane  as  an  expedient  sur- 
facing material.  It  was  concluded  from  the  test  results  that  (a)  polypropylene-asphalt  membrane  will 
furnish  a waterproof,  dustproof  wearing  surface  to  any  otherwise  satisfactory  subgrade  for  periods  in 
excess  of  2 years  and  will  sustain  many  thousands  of  repetitions  of  pneumatic-tired  convoy  traffic 
without  suffering  significant  damage,  and  (b)  MESL  construction  is  effective  in  providing  a stable 
roadway  in  areas  having  poor  drainage  and  high  water  tables. 
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The  investigation  reported  heroin  was  conducted  to  evaluate  ihe  performance  of  the  electron  beam  welded 
AM.'l  landing  mat  fabricated  by  Harvey  Aluminum,  Inc.,  Torrance,  California.  A test  section  consisting 
of  a heavy  clay  subgrade  v;as  constructed  and  stirfaced  with  the  electron  beam  welded  AM2  mat,  which 
will  bo  known  as  AM2  mod  2.  The  test  section  was  subjected  to  traffic  repre:, anting  1600  operational 
cyclc.s  of  an  aircraft  having  a 60,C00-lb  gross  weight  with  a .single-wheel  rr.ain-gear  assembly  load  of 
27,000  lb  and  a 30-7.7  tiro  inflated  to  400  psi.  Based  on  the  rc.-ailts  obtained  in  tliis  investigation,  it  is 
concluded  that:  (a)  the  AM2  mod  2 mat  will  sustain  1000  cycles  (183  coverages)  of  aircraft  operations 
with  a 27,000-lb  single-wheel  load  and  -400-psi  tiro  inflation  proirsure  when  placed  on  a subgrade  having 
a CBR  of  3.6  or  greater  throughout  the  period  of  traffic,  and  (b)  electron  beam  welding  of  the  end 
connectors  resulted  in  considerable  improvement  in  performance  of  the  AM2  mod  2 mat  over  that 
of  AM2  mat  tested  previously. 


KEYWORDS:  Aluminum  landing  mats;  Traffic  tests;  [AM2  landing  mats; 

Harvey  Aluminum,  Inc.] 
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Office,  Chief  of  Engineers,  U.  S.  Army 
V/ashington,  D.  C. 

‘ Laboratoi7  tests  were  conducted  to  evaluate  the  accuracy  and  reliability  of  measuring  surface  in  situ  soil 
( water  content  and  density  by  the  backscatter  and  direct  transmission  nuclear  methods  using  a single  nuclear 
I device  and  sealer.  The  nuclear  device  functioned  as  a surface  backscatter  moisture  and  density  meter  or  as 
I a direct  transmission  density  probe.  To  determine  the  accuracy  of  the  nuclear  measurements,  it  was  ncces- 
I sary  to  know  the  actual  density  and  water  content  of  the  test  soil.  Boxes  wore  fabricated  to  exact  dimen- 
I sions,  filled  with  uniformly  compacted  soil,  and  weighed,  and  actual  average  soil  density  values  were  calcu- 
1 lated.  Five  soil  typos  were  tested  to  approximate  a fuil  range  of  possible  construction  materials.  Each  soil 

itype  was  tested  at  eight  different  densities  and  water  contents.  To  obtain  comparative  results,  soil  densi- 
ties of  each  sample  were  determined  by  two  accepted  conventional  methods  (sand-cone  and  vratcr-balloon) 

; for  determining  density  in  the  field.  Test  results  indicated  that  in  situ  densities  determined  by  the  direct 
I tran.-.mi.ssion  nuclear  method  using  the  factory  calibration  curve  furnished  with  the  device  wore  as  accurate 
as  densities  obtained  by  the  sand-cone  and  water-balloon  methods.  The  direct  transmission  nuclear  method 
using  a WES-developed  calibration  curve  provided  slightly  more  accurate  density  measurements  than  either 
conventional  method.  Densities  determined  by  the  surface  backscatter  nuclear  method  using  both  the  fac- 
tory calibration  curve  and  a WES-developed  curve  were  not  so  accurate  as  those  obtained  by  the  conven- 
tional methods.  V^ater  contents  were  obtained  by  nuclear  means  and  compared  with  actual  water  contents 
determined  from  ovendried  samples  Using  a WES-developed  calibration  curve,  water  contents  obtained  by 
the  nuclear  method  were  sufficiently  accurate  for  most  quality  control  fieldwork.  Water  contents  obtained 
us.ng  the  factory  calibration  curve  were  not  accurate  enough  for  field  use.  A tost  procedure  for  determin- 
ing surface  layer  density  and  water  content  of  soil  by  nuclear  methods  is  presented  in  Appendix  A. 
KEYWORDS'  Measuring  instruments;  Nuclear  methods;  Soil  density 
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ij.  AD, TRACT  Tcport  clescribes  invest! t.'-tions  conchictnd  to  evaluate  six  different 

metal  landing  mats,  as  v;ell  as  two  of  tlv  mats  that  v;erc  modified  after  initial  testing 
Four  of  the  items  tested  are  fabricated  from  extruded  aluminum  and  two  are  fabricated 
from  steel.  Tiiese  investigations  consisted  of  engineering  traffic  tests  to  obtain  in- 
fomation  for  usl  in  comparing  the  performance  of  the  mats  with  project  requirements, 
which  arc  svmmiarized  in  Appendix  A of  this  report.  Tlic  traffic  tests  were  conducted  on 
eacli  mat  placed  on  a prepared  subgrade  v.'ith  a CBR  of  approximately  h.  These  tests  were 
conducted  v.’ith  a single-wheel  load  of  25,000  lb  with  tires  inflated  to  250  psi,  and 
tiro  contact  area  of  111.1  sq  in.  to  .sjmuiatc  F-4C  aircraft  operations.  The  service 
life  criterion  for  an  experimental  mat  was  200  coverages.  Results  of  those  invc.s.tiga- 
tions  revealed  the  follov.-ing;  (a)  the  U.  S.  Etcel  'J’ypc  4.5A  mat  withstood  62  actual 
coverages  on  a 1|-CRR  subgrade,  the  equivalent  of  31  percent  of  the  traffic  criterion; 
(b)  the  Dow  MXlO  and  modified  Til  mat.s  su.stained  30  actual  coverages,  the  cquiv.aient  of 
approximately  20  percent  of  the  traffic  criterion  (40  to  45  covera;;cG,  respectively, 
when  rol.atod  to  pcrfortiiance  on  a 4-CBR  subgrade);  these  m-ats  were  considered  undesir- 
able; and  (c)  the  Alcoa  Til,  U.  S.  Steel  Type  3-5A,  modified  U.  S.  Steel  Tj'pe  4.5A,  and 
Fcnestr.a  mats  failed  after  2 to  6 actual  covcr.agos.  It  is  recoirmiended  that  none  of 
tliese  mats  be  considered  for  further  investig.ation  until  the  designs  are  modified  as 
indicated  by  results  of  these  te.sts,  fabrication  techniques  are  improved,  and  quality 
control  measuros  are  established.  In  conjunction  wltli  Uiis  series  of  engineer  de.slgn 
tests,  four  oUicr  mats  wore  tc.stcd  and  tlioy  met  tlie  project  reqiilremciits.  Ttiesc  mats 
vmre  Kaiser  honeycomb  MXI9,  Dow  MXI8-R,  Dow  EK18-C,  and  S.  Steel  Type  4.5  Air-Dok. 
Development  of  the  MXI9  and  the  MXI8-B  mats  is  continuing. 
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12.  SPONSORtNC  MILITARY  ACTIVITY 

Office,  Chief  of  Engineers 
Washington,  D.  C. 


I This  report  describes  an  investigation  conducted  to  evaluate  the  performance  of  various  items  of  equipment 

iused  for  the  emplacement  of  earth  anchors.  The  earth  anchors,  used  to  anchor  the  edges  of 
landing-mat-surfaced  runways,  are  24  in.  long  vrith  a 3/4-in.  shank  and  a 4-in.-diam  helical  plate.  Ten  items 
< of  equipment,  both  gasoline  and  air  powered,  were  tested  by  driving  anchors  into  a compacted  heavy 
clay  (4  to  6 CBR),  an  undisturbed  silt  (10  CBR),  and  a sandy  clay  (18  CBR).  From  these  tests  it  was 
concluded  that  the  Thor  No.  62,  a pneumatic  wood-boring  drill,  would  be  the  most  feasible  air-powered 
item  to  be  used  for  anchor  emplacement.  The  most  feasible  gasoline-powered  item  tested  was  theStihl 
posthole  digger.  The  average  pull  required  to  remove  the  anchors  after  emplacement  was  2040  lb.  Since  the 
pneumatic  wood-boring  drill  is  more  readily  available  in  the  components  system  for  an  Army  Engineer 
Combat  Battalion  and  can  also  bo  used  to  remove  earth  anchors,  it  is  recommended  that  this  drill  be 
employed  by  the  combat  engineer  troops  in  the  field  for  anchor  emplacement. 


KEYWORDS:  Anchors  (Fasteners);  Construction  equipment;  Landing  mats 
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The  purpose  of  this  report  is  to  present  the  results  of  an  inspection  at  hawson  Arry 
Airfield  (LAAF)  in  Decenbcr  1963.  The  inspection  vas  limited  to  visuai.  observations, 
and  no  tests  were  conducted  on  the  cxistinc  runways  and  taxiways. 
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The  primary  purpose  of  the  visit  to  RGAA  was  to  determine  if  the  subdrains  in  the 
vicinity  of  sta  84+OO  (Section  B-B,  Incl  2)  were  effectively  draining  the  7-in.-t’r.ic> 
reclaimed  base  material.  This  investigation  indicated  that  there  is  no  free  vntcr  ir. 
this  material,  and  it  is  in  effect  acting  as  an  impermeable  barrier  to  any  water  in 
the  1^4  in.  of  new  base  material.  These  observations  tend  to  confirm  the  results  of 
the  tests  which  were  the  basis  for  WES  not  recommending  subdrains  along  the  pavement 
edges. 
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This  study  v;as  conducted  to  develop  procedures  for  overlaying  rougb,  deteriorated  pave- 
ments, such  as  old,  abandoned  airfields  or  highways,  with  new  landing  mat  in  order  to 
provide  an  adequately  smooth  runway  or  taxiv/ay  for  the  operation  of  tactical  aircraft. 
An  overlay  test  section  was  constructed,  and  traffic  simidating  the  load  on  a main  gear 
^.-hecl  of  the  F-)rC  aircraft  was  applied.  The  test  section  comprised  six  items  that  in- 
volved various  combinations  of  soil  overlays  which  wvre  in  turn  overlaid  by  XMI8  and 
»-il9  mats  and  TI6  and  ifXl8  membranes.  Tests  showed  that;  (a)  deteriorated  pavements 
can  be  overlaid  with  a soil  cushioning  layer  and  new  landing  mat  to  provide  an  adequate 
surface  for  operation  of  aircraft;  (b)  both  fine-grained  and  granular  soils  can  be  used 
as  the  leveling  or  cushioning  layer,  but  both  types  of  material  will  require  protection 
to  prevent  pumping  of  the  fines  through  mat  Joints  during  wet-weather  traffic  opera- 
tions; (c)  T16  membrane  placed  between  soil  and  mat  is  quite  effective  in  protecting 
f ine-g.rained  coiiesive  soil  or  fine  sand  from  moisture  infiltration  and  pumping  action 
during,  wrjL  weather;  however,  wiien  used  between  soil  and  mat,  ncittier  the  TI6  nor  the 
ru  avier  WXI8  membrane  is  adequate  to  wlttistand  the  abrasive  action  of  cliarp  objects  in 
'tie  soil,  such  as  roots,  rocks,  etc.;  (d)  a clay  gravel  cushion  can  be  effectively  pro- 
'eeled  from  water  infiltration  by  stabi 1 i7ation  with  6 percent  portlond  cement  by  soil 
w<;iglil.;  and  (c)  the  optimum  thickness  of  leveling  or  cushioning  material  needed  for  ma.1 
overlay  coiisti-uction  is  the  minimum  thickness  that  will  (l)  provide  uniform  bearing  for 
'lie  )i.at,  (?)  provide  an  adequate  transverse  slope  or  crown  (about  S-l/2  to  3 percent), 
and  (3)  allow  a sufficient  quantity  of  soil  so  that  the  material  can  be  easily  placed 
and  compacted  with  the  available  construction  equipment. 

KEYWORDS;  Bare  base  support;  Landing  mat  construction;  Membranes; 
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ia.  SPONSORINC  MILITARY  ACTIVITY 

U.  S.  Army  Materiel  Command 

■ 

Washington,  D.  C. 

This  report  describes  an  investigation  conducted  to  evaluate  an  aluminum  alloy  landing  mat  (designated 
XM?,0)  manufactured  by  the  Dow  Chemical  Company,  Madison,  111.,  and,  for  purposes  of  comparison,  an 
extruded  two-piece  aluminum  alloy  production  mat  (designated  AM2).  The  XM20  mat  is  a one-piece 
hollow  extrusion  fabricated  from  6061  aluminum  alloy  artificially  aged  to  the  T6  condition.  The  XM20 
mat  is  similar  in  design  to  MX18-B  mat;  however,  the  internal  ribs  and  the  female  connector  are  thickened 
to  add  to  the  design  strength  of  the  mat.  Both  the  XM20  and  AM2  mats  are  interlocked  along  the  sides  by 
means  of  a hinge-type  connector,  the  components  of  which  are  an  integral  part  of  the  basic  panel  extrusion. 
End  connectors  are  composed  of  extruded  connectors  welded  to  the  basic  panel  and  consist  of  an  overlap 
and  underlap  section  secured  by  a locking  bar  after  individual  panels  have  been  joined  together.  This 
investigation  consisted  of  traffic  tests  to  obtain  information  on  the  XM20  experimental  mat  and  to 
compare  the  performance  of  the  XM20  mat  with  that  of  the  AM2  production  mat.  Laboratory  tests  were 
conducted  to  provide  data  on  the  structural  properties  of  the  XM20  mats  and  their  component  parts.  The 
mat  was  traffic  tested  with  a rolling  wheel  load  to  complete  the  evaluation  of  the  design  and  fabrication. 
The  traffic  tests  were  conducted  on  a prepared  subgrade  with  a rolling  wheel  load  that  simulated  actual 
aircraft  operations.  These  tests  were  conducted  with  a 25,000-lb  single-wheel  load  with  a tire  inflation 
pressure  of  250  psi  on  a mat-surfaced  subgrade  with  initial  average  CBR’s  of  3.6  and  3.5  for  the  XM20  and 
AM2,  respectively.  Tests  indicated  that  when  placed  on  a subgradc  with  a rated  CBR  of  4,  the  XM20  would 
sustain  more  than  5000  coverages  of  traffic;  the  production  mat  (AM2)  would  sustain  620  coverages  of 
traffic.  It  is  recommended  that  further  engineer  traffic  tests  be  conducted  to  evaluate  the  XM20  mat  for  the 
revised  Qualitative  Materiel  Requirement  for  heavy-duty  mat. 


KEYWORDS:  Aluminum  landing  mats;  Extrusions  (Landing  mats);  Traffic 

tests;  [XM20  landing  mat] 
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13.  SPONSORING  MILITARY  ACTIVITY 

Naval  Air  Engineering  Center 
Philadelphia,  Pennsylvania 


This  investigation  was  conducted  to  evaluate  the  performance  of  the  1-  and  2 ft-wide  Harvey  nonwelded 
aluminum  landing  mats  and  to  compare  the  performance  with  that  obtained  in  previous  tests  on  sland.ird 
AM2  mat.  This  landing  mat  was  extruded  by  the  Harvey  Aluminum  Co.,  Torrance,  Calif.  Three  test  sec- 
tions were  built  and  surfaced  with  different  shipments  or  types  of  Haiwey  mat.  The  first  and  second  sec- 
tions were  surfaced  with  1-  by  6 ft  and  2-  by  6-ft  mat,  respectively,  each  over  two  clay  subgrade  items 
with  different  CBR  strength  values.  The  third  section  consisted  of  two  items  surfaced  with  2-  by  1 2-ft  and 
modified  2-  by  12  ft  mat  over  a subgrade  of  the  same  nominal  strength  as  the  lower  subgrade  strength  of 
the  first  and  second  sections.  All  three  test  sections  were  subjected  to  uniform-coverage  traffic,  and  section 
one  was  also  subjected  to  single-line  traffic.  The  traffic  represented  operations  of  an  aircraft  having  a 
60,000  lb  gross  weight  with  a single-wheel  main-gear  assembly  load  of  27,000  lb  with  a 30-7.7  tire  inflated 
to  dOO  psi.  Based  on  the  results  obtained  in  this  study,  it  is  concluded  that:  (a)  the  Han'cy  1-  by  6 ft, 

2-  by  12  ft,  and  modified  2-  by  12-ft  nonwelded  aluminum  mats  will  sustain  1600  cycles  (188  coveiagcs) 
of  aircraft  operations  with  a 27,0001b  single-wheel  load  and  dOO  psi  tiie  inflation  pressure  when  placed 
on  subgrades  having  minimum  CBR's  of  3.7,  d.2,  and  d.d,  respectively,  or  greater  throughout  the  period  of 
traffic;  (b)  the  Harvey  1-  by  6-ft  nonwelded  aluminum  landing  mat  will  sustain  1600  passes  of  a 27,000-lb 
single-wheel  load  with  a tire  inflation  pressure  of  dOO  psi  in  a single  path  located  11/2  ft  or  more  from  the 
mat  end  joints  when  placed  on  a .subgrade  having  a CBR  of  d.6  or  greater  throughout  the  period  of  traffic; 
(c)  the  tv.'o  sections  of  2-  by  6 ft  nonwelded  mat  failed  early  in  the  traffic  period  due  to  extrusion  defects 
and  not  to  the  nonwelded  joint  configuration;  (d)  the  main  difference  between  the  performance  of  the  2- 
by  I2-fl  mat  and  that  of  the  modified  2-  by  12-ft  mat  was  that  the  modified  planks  shifted  more  laterally 
during  traffic 
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I It-  SUPPLEmCnTAMV  HOTCt 


lift.  tPONSORINO  MILITANT  ACTIVITY 


This  paper  presents  flexible  pavement  thickness  design  requirements  for  representative 
aircraft  which  tend  to  control  the  design  of  flexible  pavements  at  today's  and 
tomorrow's  major  commercial  airports.  These  design  criteria,  developed  in  accoz-dancc 
with  the  CBR  design  procedures  used  by  the  Army  Corps  of  Engineers  in  designing  flex- 
ible pavements  for  military  aircraft,  may  be  used  to  predict  the  effects  of  tomorrow's 
aircraft  on  existing  flexible  pavements  at  commercial  airports. 
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9 ABSTRACT 

This  report  describes  on  investigation  conducted  to  evaluate  the  effects  of  high  temperatures  on  Kaiser 
welded  and  bonded  XM19  mat  panels.  All  panels  tested  were  of  the  sandwich-type  fabrication  consisting 
of  an  inner  core  bonded  on  top  and  bottom  to  thin  sheets  of  aluminum.  Edge  connectors  were  welded 
to  the  top  and  bottom  sheets  in  one  mat  and  bonded  in  the  other.  Panels  of  each  mat  were  subjected  to 
the  exhaust  blasts  of  a J-44  jet  engine  producing  temperatures  on  the  mat  surfaces  ranging  from  300  to 
1000  F.  A blast  impingement  angle  of  90  deg  v/as  used  for  tests  of  1-min  duration,  and  an  impingement 
angle  of  5 deg  was  used  for  longer  blast  exposures.  Results  indicated  that  both  the  welded  and  bonded 
mats  will  witlistand  exposures  to  blast  temperatures  as  high  as  600  F for  1 mi.n  without  .significant  loss 
of  strength.  It  is  recommended  that  these  mats  be  considered  capable  of  meeting  the  temperature  require- 
ment of  300  P'  for  5 sec  as  specified  for  medium-duty  landing  mats  in  the  Quah’talive  Materiel  RequL'e- 
ment  for  Prefabricated  Airfield  Surfacings. 
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IT.  «PONfORIN«  MIAITARV  ACTIVITV 

Research  and  Development  Directorate 
U.  S.  ftimy  Materiel  Command 

1>.  A3STRAC  T 


This  report  describes  an  investigation  conducted  to  evaluate  Goodvoar  all-bonded  aluminum  mat  panels 
when  subjected  to  exhaust  blasts  of  a jet  engine.  The  mat  is  a sandwich-type  fabricated  item  consisting 
of  an  inner  core  bonded  on  top  and  bottom  to  thin  sheets  of  aluminum.  Tests  were  conducted  with 
a J-44  jet  engine  to  simulate  exhaust  blasts  generated  during  takeoffs  and  landings  of  jet  VTOL  aircraft. 
Exhausts  at  temperatures  of  300  to  700  F were  allowed  to  strike  the  panels  at  an  impingement  angle  of 
90  deg.  Test  results  indicated  that  the  Goodyear  panels  successfully  withstood  blast  temperatures  of 
400  F for  1 min  with  less  than  a 10  percent  decrease  in  core  shear  and  panel  flexural  sUength.  Tempera 
tures  of  500  F or  higher  caused  separation  of  the  top  sheet  of  the  panel  from  the  panel  core.  It  is  rec- 
ommended that  improvement  in  the  bonding  technique  and/or  adhesive  be  accomplished  prior  to  any 
further  evaluation  or  use  of  the  Goodyear  all-bonded  mat. 
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; The  primary  purpose  of  this  study  was  to  establish  the  load-carrying  capacities  of  the 
^ airfield  pavements  at  Robert  Gray  Army  Airfield  (RGAAF),  Fort  Hood,  Texas.  There  is  a 
i»  proposal  under  consideration  for  a major  rehabilitation  of  the  pavements  at  RGAAF,  and 
an  evaluation  was  deemed  necessary  for  use  in  future  design.  An  evaluation  of  tiie 
5 pavements  at  RGAAF  was  made  by  personnel  of  the  U.  S. .Arry  Engineer  Waterways  Experiment 
Station  (Wf:s)  in  19614.  Since  I96U , portions  of  the  runway  have  been  reconstructed. 

; The  field  testing  discussed  herein  was  conducted  to  evaluate  the  reconstructed  areas 
and  to  \tilldate  the  results  of  the  196U  tests.  Pertinent  data  have  been  extracted  from 
^ the  196^1  evaluation  repiort  and  are  used  herein. 
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Airfield,  Fort  Hood,  Texas] 
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This  investigation  was  conducted  to  evaluate  XM20  aluminum  landing  mat  fabricated  by  Do'.v  Chemi- 
cal Company,  Madison,  Illinois.  The  mat,  fabricated  from  2-  by  12  ft  extrusions,  was  similar  to  AM2 
mat  except  for  minor  differences  in  the  cross  section  of  the  mat  and  the  method  used  to  attach  the 
end  connectors  to  the  mat  extrusion.  A test  section  consisting  of  one  clay  subgrade  item  at  a 
strength  of  d CBR  was  constructed  and  surfaced  with  the  XM20  mat.  The  test  section  was  sub- 
jected to  uniform-coverage  traffic  representing  operations  of  an  aircraft  having  a 60,000-lb  gross  weight 
with  a single-wheel  main  gear  assembly  load  of  27,000  lb  with  a 30x7.7  lire  inflated  to  400  psi. 

B-ased  on  the  results  obtained  in  this  study,  it  is  concluded  that:  the  XM20  mat  will  sustain  1600 

cycles  (188  coverages)  of  aircraft  operations  with  a 27,000-lb  single-wheel  load  and  400-psi  tire 
inflation  pressure  when  placed  on  a subgrade  having  a CBR  of  2.5  or  greater  throughout  the  period 
of  traffic,  or  about  1230  coverages  of  the  same  loading  when  placed  on  a subgrade  having  a CBR  of 
4 or  greater  throughout  the  period  of  traffic;  the  service  life  of  the  XM20  mat  on  a 4-CBR  subgrade  is 
about  six  times  greater  than  that  of  standard  AM2  mats  tested  previously  at  WES  on  subgradcs  with  a 
CBR  of  4;  and  general  behavior  of  the  mat  in  this  test  was  greatly  improved  by  the  double  thickness 
of  the  ribs  at  the  end  joints  of  the  planks. 

KEYWORDS:  Aluminum  landing  mats;  Extrusions  (Landing  mats);  Traffic 

tests;  [Dow  Chemical  Co.;  XM20  landing  mat] 
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This  ir.vcsticjation  was  conducted  to  evaluate  the  performance  of  Dow  XM18  E and  Alcoa  AM2  land- 
ing mat.  Pi  test  section  consisting  of  a heavy-clay  subgrr.de  was  constnicied  and  surfaced  with  the 
Dow  and  Alcoa  landing  mat.  The  tost  soclion  was  subjected  to  traffic  representing  1600  operational 
cycles  of  an  aircraft  having  a 60,000-lb  gross  weight  with  a single-wheel  main-gear  assembly  load  of 
27,000  lb  and  a 30-7.7  tire  inflated  to  -100  psi.  Da.scd  on  the  results  obtai.-icd  i.n  this  invc-stication, 
it  is  concluded  that:  (a)  the  Dovr  XMlo-E  landing  rr.at  will  sustain  16C0  cycles  (183  coverages)  of 

aircraft  operations  with  a 27,000-lb  single-wheel  load  and  400-psi  fire-inflation  pre.ssure  when  placed 
on  a clay  subgrade  having  a C3R  of  3.3  or  greater  throughout  the  period  of  traffic;  this  pcriorm- 
ance  meets  service  rcciuircments  set  by  the  Nava!  Air  Engineering  Center  (NAEC);  and  (b)  the  Alcoa 
AI»I2  landing  mat  did  not  meet  minimum  test  requirements  set  by  NAEC. 
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. SUPPLEMENTARY  NOTES 


la.  SPONSORING  MILITARY  ACTIVITY 

Naval  Air  Engineering  Center 
Philadelphia.  Pa. 


[ This  investigation  was  conducted  to  evaluate  Harvey  and  Kaiser  production  AM2  landing  mat.  The 
' Harvey  mat  was  fabricated  by  Haivey  Aluminum,  Inc.,  Torrance,  Calif.,  and  the  Kaiser  mat  was  fabri- 
I cated  by  Washington  Aluminum  Company  (WACO),  Enterprise,  Ala.  Both  mats  were  fabricated  trom 
2-ft-vride  extrusions  to  form  2-  by  12-ft  or  2-  by  6-ft  panels  and  are  identified  as  Harvey  and  Kaiser 
I A.M2  landing  mat.  A test  section  consisting  of  a clay  .subfrade  at  a strength  of  approximately  4 CBR 
' v/as  constructed  and  surfaced  v/ith  the  two  mats.  The  section  v/as  subjected  to  umtorm.coverage  traffic 
representing  operations  of  an  aircraft  haring  a 60,000-lb  gross  weight  with  a single-wheel  main-gear 
a-ssembly  load  of  27,000  lb  with  a 30-7.7  tire  inflated  to  400  psi.  Based  on  the  results  obtained  in 
this  study,  it  is  concluded  that;  (a)  the  Harvey  production  AM2  mat  will  sustain  1600  cycles  (163 
coverages)  of  aircraft  operations  with  a 27,000-lb  single-wheel  load  and  400-psi  tiro-inflatjo.n  pressure 
when  placed  on  a subgrade  having  a CBR  of  3.4  or  greater  throughout  the  period  of  traffic;  this 
’ meets  the  required  service  criterion;  and  (b)  the  Kaiser  production  AM2  mat  failed  to  moot  the  service! 


KEYWORDS:  Aluminum  landing  mats;  Extrusions  (Landing  mats);  Traffic 

tests;  [AM2  landing  mat;  Harvey  landing  mats;  Kaiser  landing 
mats] 
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A visual  inspc-ctiou  all  the  pavements  in  Kavch  I969  showed  them  to  be  in  veO'  Good 
condition.  Some  minor  creking  and  Joint  opening  were  noted  in  the  older  pave.ment. 
Selected  values  from  Field  tests  performed  in  j'larch  1969  arc  shown  in  table  2. 
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Headquarters,  Air  Tra Inins  Conn'.nd 
U.  S.  Air  Force 


The  controlling  evaluation  for  the  runway  is  based  upon  the  runway  interior,  '-.axiunum 
allowable  loadings  shown  in  the  tabulation  on  page  1 are  for  capacity  operations ^of 
aircraft  during  noro:al  periods.  A visual  inspection  of  the  pavement  in  March  -.9o9 
indicated  the  pavements  to  be  in  generally  good  condition.  A few  severe  crachs  were 
observed  in  the  11-in.  portland  cement  concrete  (PCC)  on  the  north  end  of  the  outside 
runway.  The  cause  of  the  cracks  was  not  apparent,  but  they  appear  to  be  structural. 
The  cracks  are  beginning  to  apair  and  create  a debris  problem. 
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The  purjiose  this  report  is  to  present  the  results  of  an  inspection  at  Sinmons  Ajtz 
Airfield  (SAAf')  in  Febiniary  I969.  The  inspection  vas  limited  to  visual  observaticr.c 
and  no  tests  were  conducted  on  the  existing  runvays  and  taxivays. 
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It.  SOPPLLMCN1  ANV  NOTES 


. SrCMSORING  MILITARY  ACTIVITY 

U.  S.  Army  Materiel  Command 
Washington,  D.  C. 


IS.  AbSTMACT 


This  report  de.scribes  an  investigation  conducted  at  the  U.  S.  Army  Engineer  Waterways  Experiment 
Station  (WES)  to  evaluate  an  all-bonded  aluminum  honeycomb  core  landing  mat  designed  and  fabri- 
cated by  Goodyear  Aeiospace  Corporation,  Akron,  Ohio.  The  mat  is  a sandwich-type  structure  with 
the  core  bonded  top  and  bottom  to  aiuminum  ski.is  vrith  an  epoxy  film  adhesive.  Extruded  alumi- 
num edge  connectors  are  also  bonded  to  the  top  and  bottom  skins  and  to  the  core.  This  invcstig.i- 
tion  consisted  of  engineering  traffic  tests  to  obtain  information  to  (a)  determine  the  feasibility  of  fab 
rication  of  mat  without  welds,  and  (b)  evaluate  the  service  life  and  performance  of  the  cxporimcnul 
mat.  Laboratory  tests  were  performed  to  provide  data  on  tlie  structural  propcitics  of  the  Goodyear 
mats  and  their  component  parts  and  results  indicate  the  mats  met  the  specification  requirements.  The 
m.it  w.is  placed  on  a tost  section  with  a heavy  clay  subgrade  (rated  CBR  of  3.4)  and  traffic  tested 
with  a single-wheel  load  of  25,000  lb  and  a tire  inflation  pressure  of  250  psi.  Results  of  this  inves- 
tigation revealed  that  the  Goodyear  4-  by  4-ft,  all-bonded  mat  would  sustain  only  36  coverages  of 
traffic  on  a 4.0-CBR  subgrade.  At  the  requc.st  of  Goodyear  personnel,  50  unused  panels  were  re- 
turned to  Goodyear  for  modifications.  These  modifications  consisted  of  (a)  welding  the  corners  of 
the  extnidod  edge  connectors  to  provide  additional  strength  in  these  areas,  and  (b)  sawing  the  top  of 
the  female  connector  on  each  end  to  produce  an  angle  between  15  and  20  deg  to  prevent  end  curl 
of  the  female  lip.  After  these  modifications  had  been  made,  the  panels  were  shipped  to  WES  where 
they  were  traffic  tested.  The  modified  panels  sustained  500  coverages  of  traffic  on  a 4.3  CBR  sub- 
grade plus  90  coverages  on  a 4.0-CBR  subgrade,  which,  combined,  is  equivalent  to  466  coverages  on  a 
4.0-CBR  subgradc.  Results  indicate  that  fabrication  of  an  all-bonded  aluminum  lioucycomb  core  mat 
is  feasible.  However,  improvement  in  fabrication  techniques,  especially  to  ensure  additional  strength  at 
corners,  is  needed  to  provide  a mat  that  will  meet  traffic  requirements. 

KEYWOlUlS:  Aluminum  landing  mats;  Honeycomb  structures;  Traffic 

tests;  [Goodyear  aluminum  m.ats] 
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II.  ABiTAACTij-jjj^g  investigation  was  conducted  to  evaluate  techniques  and  materials  used  in 
the  reconstruction  of  a landing-mat  test  facility  and  to  observe  the  behavior  of  the 
landing-mat  runway  during  C-l4lA  operations.  The  test  facility  consists  of  a runway, 
6000  ft  long  and  96  fl-.  wide;  a taxiway,  1252  ft  long  and  60  ft  wide  connecting  with  the 
m.ain  Dyess  rujiway;  and  a turnaround  tnxiway  loop  at  both  ends  of  the  runway.  Three 
typos  of  landing  mat  (mX19,  AJC,  and  MXI8)  were  used  to  surface  the  suhgrade.  Various 
types  of  waterproofing  and  dustproofing  materials  were  applied  to  the  suhgrade,  shoul- 
ders, and  overruns.  Based  on  the  results  obtained,  conclusions  were  drawn  os  follows. 
Alujiiinum  landing  mat  and  ancillary  items  can  be  removed  from  a deteriorated  airfield  at 
a reasonable  rate  and  with  minimxim  damage  if  care  is  taken.  Tlie  removal  rates  for  the 
MXI9,  AM2,  and  MXI8  planks  were  330,  380,  and  384  sq  ft  per  man-hour,  respectively.  Ap- 
proximately one  percent  of  each  type  mat  and  of  the  2- ft  locking  bars  removed  from  the 
test  facl.llty  wore  damaged  beyond  repair.  About  5 percent  of  the  4-ft  loeklng  bars, 

4-ft  adapters,  H-rails,  and  anchors  were  damaged  and  could  not  be  reused.  Although  50 
percent  of  the  key  locks  were  damaged  beyond  repair,  the  number  could  have  been  reduced 
by  more  careful  removal.  Inspection  of  the  membrane  used  in  the  original  construction 
showed  that  only  the  Type  1 Herculite  membrane  was  effective  in  waterproofing  the  sub- 
grade  and  could  have  been  reused  ns  a waterproofing  material.  The  subgraile  can  be 
waterproofed  and  will  drain  adequately  if  it  is  constructed  at  a 2.5  percent  crown  and 
surfaced  with  a polyqiropylenc-asphalt  mcmibrane.  The  portions  of  the  subgradc  and  the 
.sol  1 mattress  section  that  were  overlaid  with  TI6  membrane  remained  waterproof 
KEYWORDS:  Aluminum  landing  mats;  Dust  control;  Materials;  Water- 

proofing; [Dyess  Air  Force  Base,  Abilene,  Texas;  MX18, 

MX19  and  AM2  landing  mats] 


DD  /r*..1473 


Unclttssiflod 


318 


Unclassified 


DOCUMEMT  CONTROL  DATA  - R & D 

($rcMrliY  tlttssUicBlion  o/  body  c*  < oiiJ  Minvtotlon  tmi*t  be  9nl«re‘d  whfr>  lUe  oYffoll  report  Is  t InttHlod) 


I OHIUIWATING  ACTIVITY  (Vorpotttl^  lulhof)  iA.  HLPOWT  M.  COF«ITV  CLAS!>it'ICA1IC>l4 

U.  S.  Army  Engineer  Waterv/ays  Experiment  Station  Unclassified 

Vicksburg,  Mississippi 

3.  RtPORT  T»Tl.K 

EVALUATION  OF  DOW  CHEMICAL  EXTRUDED  ALUMINUM  LANDING  MAT  (XM18E1) 

4.  DCsCFtlPTivt  F4  0TCS  (lypo  of  rrporf  and  Inclusive  dutet) 

Final  rcnr.rt  


S-  AuTHOMl^/  (J  iral  noma,  midd/a  inllw  I,  Isal  naote) 

Dewey  W.  White 
Charles  J.  Gerard 


e.  RLPOKT  OATH 

December  1969 


|7b.  total  no.  0¥  rages 


S«.  CONTRACT  OR  GRAN 


«4.  ORIGINATOR’S  Rt'POHT  NOhCBURtS) 

Miscellaneous  I’a-per  S-69-51 


9fc.  OTr4t_R  REPORT  NO(S)  (A:iy  other  numbora  thml  atey  bo  amol^ed 
thio  report^ 


AD  865  599 


to.  OtSTHIBOTlON  STATEMENT 


Approved  for  pvMic  release;  distribution  unlimited. 


la.  SPONSORING  MILITARY  AC  TIVITY 

U.  S.  Army  Materiel  Command 
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This  report  describes  tests  of  an  extruded  aluminum  lending  mat  designated  XM18E1,  which  v;as  pro- 
duced under  contract  DACA39-67-C-0063(NEG).  ThE  mat,  which  was  designed  and  developed  by  the 
Dow  Chemical  Company,  E a one-piecc  extrusion  fabricated  from  6061  T6  aluminum.  The  mat  pan- 
els are  interlocked  along  the  sides  by  a hinge-type  connector.  Extruded  end  connectors  consisting  of 
overlap  and  underlap  sections  are  welded  to  the  panel  extrusion.  A locking  bar  secures  these  sections 
after  individual  panels  have  been  joined  together.  The  mat  panels  described  herein  were  different 
from  modrfied  MX18-B  (which  is  type-classified  as  XM18)  panels  in  llrat  the  insert  tubes  in  the  ends 
of  the  panels  were  slrortened  by  3/4  in.  and  the  amount  of  metal  was  increased  in  the  area  of  the 
female  connector  and  first  cavity  adjacent  to  thE  connector.  The  methoir  of  attaching  the  end  con 
nectors  to  the  mat  extrusions  was  charrged  to  allow  improved  corner  wolds.  Two  quantities  of 
XM18E1  mat  (engineer  design  test  and  production  test  quantities,  with  the  latter  taken  after  approxi- 
mately 400,000  sq  ft  of  mat  had  been  produced  under  the  contract  mcnticncd  above)  were  traffic 
tested  with  a 25,000-lb,  single-wheel  load  (250-psi  tire  inflation  pressure)  simulating  actual  aircialt  op- 
erations. These  tests  v/erc  conducted  to  determine  the  service  life,  to  compare  the  pcrfcrmance  of 
the  mat  with  that  of  the  modified  MX18  F.,  and  to  determine  if  there  were  differences  between  the 
engineer  design  lest  and  production  tost  mats.  The  mats  wore  tested  on  subgradcs  with  rated  CBR  s 
of  4.0  and  3.7  for  the  engineer  design  test  and  production  test  mats,  respectively.  The  engineer  de- 
sign test  mat  sustained  1100  coverages,  and  the  production  test  mat  sustained  452  coverages  (equiva- 
lent to  620  coverages  on  a 4-CBR  subgradc).  The  engineer  design  test  XM18E1  performed  39  percent 
better  th.an  .he  modified  MX18-B  mat  (670  coverages  on  a 4-CBR  subgradc).  The  reduction  in  serv- 
ice life  of  the  production  test  mat  was  attributed  to  inconsistency  in  the  dimensions  of  the  physical 
members  (although  they  were  within  tolerance)  and  the  use  of  a brittle  welding  wire  in  the  corner 
welds.  KJiyWORDS:  Aluminum  landing  mats;  E.strusions  (Landing  mat.s); 

Traffic  tests;  [Dow  landing,  mat-s;  XMiSF.i  landing  matl  
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II.  AuPPCCMr-NTAAT  NOTES 
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12.  SPOMSOniN«  MILITANV  ACTIVlTT 


With  the  advent  of  Jumbo-Jet  aircraft,  as  represented  by  the  Lockheed  C-5A  Galaxy  ana 
the  Boeing  7**7.  ve  ore  faced  vith  supporting  three-quarter  million  pound  and  larger 
aircraft  on  pavement  facilities.  To  provide  information  on  pavement  behavirr,  test 
sections  of  both  flexible  and  rigid  pavement  have  been  constructed  and  are  being  tested 
■to  failure  under  the  full  prototype  loading  of  one  l2-vheel  main  landing  gear  of  the 
C-5A  aircraft.  The  testing  program  is  a Joint  effort  of  the  Army,  Air  Force,  and 
Federal  Aviation  Administration  and  is  being  conducted  at  the  U.  S.  Army  Engineer 
Waterways  Experiment  Station,  Vicksburg,  Mississippi.  Each  of  the  test  sections  in- 
corporates items  of  different  thicknesses  planned  to  fail  at  various  load  repetition 
levels.  The  tost  subgrade  was  constructed  to  a carefully  controlled  strength  to  a 
full  12-ft  depith.  Both  test  sections  incorporate  stress,  strain,  and  deflection 
measuring  instruments  at  various  depths  within  the  structure.  These  instruments  have 
been  loaded  not  only  with  the  full  12-wheel  C-JA  gear  but  with  single-wheel  gear  and 
components  of  the  C-5A  and  7**7  gear  at  veu*ious  loadings. 


KEYWORDS:  Flexible  pavement  design  (Airfields);  Jet  aircraft 
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This  investigation  v.’as  ct-.ulucted  to  evaluate  new-profile  AM?  landing  laat  by 
Harvey  Al.uminum  Company,  Torrance,  Calif.  Tliree  mctliods  v;erc  used  to  attach  end  con- 
noctor.s  to  the  iraln  extrusion  to  form  either  2-  by  12-ft  or  2-  by  6- ft  planks.  These 
metiiods  were  electron  beam  welded  vrith  in.sert  (EBT ) , electron  beam  welded  without  in- 
.scits  (kb),  and  metal-inert-gas  fusicjji  welded  without  inserts  (MIG).  Two  test  sections 
v/cre  con.structcd  and  surfaced  with  now-profile  mat.  I terns  1 and  2,  test  section  1, 
v/cre  suifaccd  wit)i  EFJ  and  EB  mat,  respectively.  Both  items  in  test  section  2 v/ere 
surfaced  with  the  MIG  welded  mat.  Kach  tost  section  was  subjected  to  uniform-coverage 
traffic  representing  operations  ol'  an  aircraft  having  a 60,000- lb  gross  weight  with  a 
single-wheel  main-gear  assembly  load  of  27,000  lb  v/i  th  a 20x7 -7  tire  inflated  to  hOO 
jisi  . I'ased  on  the  ressults  obtained  in  this  study,  it  is  concluded  that  EBI  and  EB  nvit.s 
will  sustain  l600  cycles  of  aircraft  operations  with  a 27,000-lb  single-wheel  load  and 
liOO-psi  t.iro  inflation  pressure  when  placed  on  a subgrade  having  a Cl'K  of  2.6  or 
'renter  throug,ho>it  the  period  of  traffic,  or  between  700  to  1000  coverages  of  the  same 
lo'idin;'  v;heti  placed  on  a subgrade  having  a CBH  oi'  U.  Tliese  mats  meet  the  service  life 
Ifiterion  a:;  required  by  NAKC.  MIG  welded  mat  will  sustain  l60O  cycles  of  aiieraft  op- 
er.ation;:  wi  t.h  a 27, 000- lb  single-wheel  load  and  Ha)-psi  tiro  inflation  prcssuie  when 
placed  on  a subg.rade  having  a CBH  of  3.6  or  greater  throughout  the  period  of  traffic 
or  f ’50- 300  coverages  of  the  same  loading  when  placed  on  a cubgrade  having  a CBH  of  1*. 
This  mat  also  meets  the  minimum  service  life  criterion  established  by  KAEC. 

KEYWORDS;  Aluminum  lauding  mats;  Traffic  tests;  [AM2  landing  mat; 
Harvey  Aluminum,  Inc.] 
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».  ABSTRAC  T 


This  investigation  was  conducted  to  evaluate  the  performance  of  Alcoa  AM2  and  electron 
beam  welded  XMl8  landing  mat.  The  test  section  was  subjected  to  traffic  representing 
l600  operational  cycles  of  an  aircraft  having  a 60, 000-lb  gross  weight  with  a single- 
wheel main-gear  assembly  load  of  27,000  lb  and  a 30x7.7  tire  inflated  to  ^00  psi. 

Based  on  the  results  obtained  in  this  investigation,  it  is  concluded  that  Alcoa  AM2 
landing  mat  will  sustain  l600  cycles  of  uniformly  distributed  aircraft  operations  with 
a 27,000-lb  single-wheel  load  and  400-psi  tire  inflation  pressure  when  placed  on  a sub- 
grade having  a CBR  of  approximately  6 or  greater.  This  does  not  meet  current  minimum 
requirements  for  SATS  set  by  NAEC.  Electron  beam  welded  XMl8  landing  mat  will  sustain 
IfOO  cycles  of  tuiiformly  distributed  aircraft  operations  with  a 27,000-lb  single-wheel 
load  and  Loo-psi  tire  inflation  pressure  when  placed  on  a subgrade  having  a CBR  of  4.3 
or  greater.  This  performance  is  marginal  with  respect  to  compliance  with  current  mini- 
mum requirements. 

KEYWORDS:  Aluminum  landing  mats;  Traffic  tests;  [Alcoa;  AM2  landing 

mat;  XM18  landing  mat] 
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tj  AOiTRACT 

, .i  invL-r.tip.'itj on  wrie  conducted  to  evaluate  the  perfornance  of  a iroduction  quantity 
' f Mt'.'O  l.andin,-':  luat  c.xtruded  by  Pow  Chomica.]  Company,  Madison  Division,  Madison,  ]1]  ., 
aiki  fal.ricated  by  V.'.a.shington  Mumin'ra  Compaiiy,  En'.prpriso,  Ala.  Tfic  mat,  faln-icated 
:'ro!a  P-  ly  IP-l't  extrusions,  was  stnilar  to  AM"?  mat  except  for  the  metliod  used  to 
a' tael,  the  ^nd  connectors  to  i!i.'  main  extru.'ion  and  a slight  change  of  the  cross  scc- 
t j )j  of  the  .main  extrusion.  A test  section  concistiug  of  tmo  clay  subgrade  iton  at  a 
stren.ylh  of  -’l  C).K  wa.s  constructed  and  surf.aced  with  >l-rO  mat.  The  test  section  was 
.uili.iected  to  uni  fonm-coverrigc  traffic  i-eprescnting,  operations  of  an  aircraft  having  a 
' 0,0()0-lli  gross  '•■.'('iylit  with  a .si ngle-whee]  main-gear  assembly  load,  of  27,000  lb  with 
;■  ■’0x7.7  tire  infl.ated  to  tOO  p.si.  Dn.sed  on  Uie  re.suJ  t.s  obtained  in  thi.s  study',  it  is 
C' iic-lude,!  that  tl'.e  >M.'0  mat  will  su.siain  l600  cycles  of  aircraft  operations  with  a 
i, 000-11)  siiv'Jc-'..'hccl  lo.ad  and  Ii00-psi  tiro  inflation  pressiu’e  when  placed  on  a sul'- 
I'ade  liavirt-  a CbK  of  2.8  or  e.reater  thi'ouj;,hout  the  ;r.'riod  of  traffic,  or  about  C8‘y 
iV'Ta)''-.-;  of  ttio  s.’ijiie  io.-idiiv,  v)hc:ii  placed  on  a subgi'ade  h.'iving  a CHH  of  or  greater 
thr.  u)'hf.ut  the  pc)-if.d  i,f  tr'ilTle.  This  mat  m'ots  the  crit.eria  estabJislied  by  II/£C  f i' 
I ■ ii  litii',  mats  Considered  for  u.:e  in  fiA'l'C.  Tin;  doulde  tlii ehnes.s  of  the  ribs  )'rovidod  by 
insei’t.s.  .at  tti"  end  Joints  of  the  plan)'..;  has  virtually  elimiiviteJ  end-joint  wold 
i'-' ilui'’'.; . Per  pi'.aetiea]  iiui'po.;es. , tljere  v/.-is  no  significant  difi’erenee  in  the  ]ierfL'i'm- 
■■II. -e  Ilf  the  M.r’i)  prodneti' 11  m-il  and  tliat  of  tlie  eviv'ri.m.'ntal  mat. 

KEYWORDS:  Aluminum  lanclinB  mats;  Extrusions  (Landing  mats);  Traffic 

tests;  [AM20  landing  mat;  Dow  Chemical  Co.;  Washington 
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II  AoiTAACT  report  describes  an  investigation  conducted  to  evaluate  M8A1  steel  landing  mat  with 
short  cover-plate  wolds  and  less  than  the  minimum  required  thickness  of  metal  in  the  bends  of  the 
ribs  and  to  compare  these  mats  with  TIO  and  M8  mats.  Traffic  tests  were  conducted  on  a prepared 
test  section,  with  a rolling  wheel  load  simulating  actual  aircraft  operations.  Based  on  the  data  ob- 
tained from  this  investigation,  it  is  concluded  that;  M8  mat  will  withstand  only  19  percent  as  many 
coverages  as  the  TIO  control  mat  when  trafficked  vhth  a 35,000-lb  single-wheel  load  on  a 3-CBR  sub- 
grade;  M8A1  with  short  cover-plate  welds  will  withstand  only  44  percent  as  many  coverages  as  TIO 
control  mat  when  trafficked  with  a 35,000-lb  single-wheel  load  on  a 3-CBR  subgrade;  M8A1  short- 
weld  mat  vdll  sustain  about  64  percent  of  the  traffic  sustained  by  the  TIO  control  mat  vrhen  placed 
on  a 6-CBR  subgradc  and  trafficked  with  a 35,000-lb  single-wheel  load;  M8A1  thin-rib  mat  with 
metal  thickness  below  the  allov/able  thickness  in  the  bends  of  the  ribs  will  withstand  only  63  per- 
cent as  many  coverages  as  the  TIO  control  mat  when  trafficked  with  a 35,000-lb  single-wheel  load  on 
a 3-CBR  subgrade;  there  are  no  apparent  differences  in  the  performance  of  the  thin-rib  M8A1  mat 
and  that  of  TIO  mat  when  trafficked  on  a 5.8-CBR  subgradc;  reducing  the  specified  thickness  of 
met.al  in  the  bend  radii  of  mat  ribs  by  approximately  10  to  15  percent  is  less  severe  than  reducing 
the  length  of  the  cover-plate  welds  by  the  same  amount.  It  is  recommended  that  necessary  quality 
control  measures  be  maintained  to  ensure  better  quality  cover-plate  welds  in  the  fabrication  of  M8A1 
mats  and  that  mat  not  be  accepted  if  the  cover-plate  welds  do  not  extend  the  prescribed  length  or  j 
if  the  metal  thickness  in  the  bends  of  the  ribs  is  less  than  the  thickness  allowable. 
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Headquarters,  Strategic  AJ.r  Command 
U.  S.  Air  Force 


Visual  observations  were  made  of  Dio  pavement  and  any  sis^js  of  cracking  or  distress 
wore  noted.  Field  test  pits  were  located  to  provide  infcimr.ation  on  layer  thickness, 
water  content,  density,  and  strength  cr.aractcri sties  repre-rentalive  of  the  ui»der- 
lying  base  and  subgrade.  Laboratory  tests  were  run  to  cla-ssify  base  and  suegrade  mat- 
erials. Field  testing  was  conducted  at  eight  test  pits.  Testing  consisted  of  in-place 
CbK,  water  content,  and  density  rreasurements  at  the  surface  of  the  base  course,  approx- 
imately 8 in.  below  the  base  surface,  and  at  the  surface  of  tlio  subgrade. 
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referred  to  U.  S.  Army  Materiel  Command,  Washington,  D.  C. 


It.  SUPPLEMENTARY  NOTES 


(S.  SPONSORINO  military  ACTIVITY 

U.  S.  Army  Materiel  Command 
Washington,  D.  C. 


A need  exists  for  soil  treatment  materials  capable  of  improving  soils  by  providing  strength,  by  water- 
proofing, and  by  alleviating  dust  in  support  of  military  road  and  airfield  operations.  Field  and 
laboratory  investigations  v;ere  conducted  on  a proprietary  material  (product  A)  to  determine  its 
potential  for  use  as  a soil  stabilizer  for  military  purposes  and  its  effectiveness  in  pretreating  soil 
to  improve  penetration  of  dust-control  materials,  e.g.  asphaltic  penetrative  soil  binder  (APSB).  Two 
test  sections,  one  untreated  and  one  treated  with  product  A,  were  constructed  in  an  open  area  and 
trafficked  with  a military  vehicle  and  a test  load  cart.  Measurements  and  observations  made  during 
conslniction  and  traffic  testing  showed  no  significant  difference  between  the  treated  and  untreated 
sections  with  respect  to  strength  and  ability  to  support  traffic  under  cither  wet  or  dry  conditions. 
For  the  penetration  tests,  an  open  area  was  bladcd  to  remove  all  vegetation.  Half  of  this  bladcd 
area  was  pretreated  with  product  A,  and  then  APSB  was  applied;  the  other  half  of  the  area 
received  only  an  application  of  the  APSB.  Test  results  indicated  that  the  depth  of  penetration  of 
the  APSB  was  not  affected  appreciably  by  pretreatment  of  the  soil  surface  with  product  A.  Labora- 
tory tests  on  representative  soil  samples  obtained  from  the  field  test  sections  indicated  no  significant 
alteration  of  water  content  or  Atterbcrg  limits  and  only  a minor  decrease  in  pH  values  for  treated 
areas.  It  was  concluded  that  product  A has  no  potential  for  military  soil  stabilization  purposes,  and 
it  is  recommended  that  no  further  tests  of  this  material  be  conducted. 
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la.  Al>»T»<AC  Y 

Vl'.ir.  rcjiort  describes  a method  for  ra.pidly  determining  the  soil  strength  at  for^-ard- 
arca  airfields.  Tiirongh  the  use  of  dimensionless  ground  mobility  paramicters  developed 
by  the  ii.  S.  Army  engineer  Waterways.  Kxperiii.c.-.t  Station,  soil  strc.ngtJ)  iniicatior.s  are 
deV'  by  men.niu-ing  rut  depths  created  by  traffic  of  standard  military  ground  vc- 

.hi.di-s . Vi. is  metiiod  enables  reasonably  accui'ate  assessment  of  soil  strength  by  jx!r- 
soiinel  v.’ithout  si)ocial  trainini';  .and  with.out  the  xt'.e  of  special  instriments . If  the 
soil  strer.gUi  existing  in  the  forv.-ard  areas  is  knov.Ti,  prc.iictions  can  be  made  co.n- 
ceriiing,  t!.i-  ability  of  a p.articu.lar  site  to  sustain  specific  aircraft  traffic.  Ini- 
ti.-iily,  ;.n  office  r.tud,y  w.as  conducted  tl;at  est.ablished  the  potential  of  o'.ieli  a 
n-'tlio.i.  Tu'-ii  limited  field  vcrij'iciiti on  tests  were  conducted  witl,  four  r.t:uidara 
s.ilitar.v  rre-.u'.d  vehicles,  i.c.  a l/h-ton  Kl.bl  , a ii/h-ton  ft'lV,  a 2-l/£?-ton  M.35A1  , and 
a flay,  oper,ted  on  ;i  pia.p.ared  unsurfnctni  heavy  clay  .sub/rndo  with  a strength 

of  approA  i.a.at.fly  CliU.  Tirst-pass  rut  deptlis  w^■IV  measured  for  cjich  vcliiclo  oper- 
ated i-mpiy  and  for  all  but  the  Vh'j  witli  nitocimuja  cross-covuitry  loading.  The  re.sults 
of  tills  te.itin,'.  indicated  the  fc.asibility  of  pr.'dictirv'.  soil  strength  based  on  ono- 
pass.  rut  d'.’pUi  caused  by  military  groiuid  vehicle.^.  This  method  can  be  used  to  pre- 
dict Uk'  ability  of  a particular  forv/ard-area  airfield  to  sustain  specific  sm.all 
aircraft  traffic.  It  is  recommended  that  further  studies  include  operations  of 
nircraft  from  actual  landing  sites  on  both  clay  and  nmid. 
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II.  4URPLCMENTARV  NOTE4 

la.  IPONSORiNC  MILITARY  ACTIVITY 

IS.  ABSTRACT 

Office,  Chief  of  Engineers,  U.  S.  Array 
Washington,  D.  C. 

Engineering  tests  were  conducted  at  the  U.  S.  Army  Engineer  Waterways  Experiment 
Station  in  order  to  evaluate  the  use  of  Portland  cement  and  asphaltic  materials  as 
grout  for  the  repair  of  pumped  subgrades  under  heavy-duty  airfield  landing  mats  and 
to  develop  equipment  and  criteria  for  their  application.  By  using  portland  cement 
grouts,  it  was  often  possible  to  restore  the  landing  mats  to  the  original  crown  con- 
figuration, and  the  effective  life  of  the  test  section  could  be  increased,  though 
cement  grouts  failed  to  waterproof  the  subgrade.  Though  asphalts  tested  could  mod- 
erately extend  the  effective  life  of  the  test  section  when  they  completely  covered 
the  area  and  prevented  additional  wetting  of  the  subgrade,  they  could  not  raise  the 
landing  mat  to  its  original  crown  configuration.  The  softening  point  of  the  asphalts 
tested  proved  too  low  for  the  asphalts  to  be  stable  under  landing  mats  when  tempera- 
tures reached  100  F in  the  sun  and  landing  mat  temperatures  reached  150  F.  It  was 
concluded  that  Portland  cement  grouting  could  be  used  as  a repair  technique  when  the 
subgrade  damage  was  confined  to  a relatively  small  portion  of  the  mat-covered  area 
where  expenditures  of  materials  and  man-hours  would  not  be  exorbitant,  and  that 
1*0-50  and  60-70  penetration  asphalt  cements  were  not  adequate  for  use  as  grouting 
materials . 

KEYWORDS:  Asphalts;  Groutc;  Landing  mat  recovery  and  reuse;  Portland 
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SPONSORING  MILITARY  ACTIVITY 

U.  S.  Army  Materiel  Command 
Washingtc.i,  D.  C. 


'1  i:c  investigation  reported  herein  v/as  tcnd”.ctcd  to  evaluate  an  all-bondcd  version  of  the 
XM19-type  lauding  mat.  'fhe  mat,  which  v^as’de.signed  and  developed  by  Kaiser  Aluminum  and  Chem 
ical  Sales  Company,  Inc.,  Oakland,  Calif.,  is  a sandwich-type  structure  composed  of  an  aluminum  hon- 
eycomb core  bonded  by  film  adhesives  on  top  and  bottom  to  aluminum  facings.  The  design  of  the  mat 
is  similar  to  that  of  the  standard  X.M19  mat,  except  instead  of  being  welded  during  fakrica'ion,  the  ex- 
truded c<!ge  connectors  are  bonded  to  both  the  facing  and  the  core.  Individual  panels  arc  joined 
along  two  edges  by  a hinge-type  connection  and  along  the  adjacent  two  edges  by  overlap-undoilap 
com  ctions  that  arc  locked  together  by  insertion  of  a connector  bar.  This  investigation  consisted  of 
laboratory  and  traffic  tests  to  obtain  information  for  use  in  compaiing  the  performance  of  the  Kaiser 
bonded  mat  with  project  requirements  and  with  the  pciformance  of  standard  XM19  mat.  The  tiaf- 
fic  tests  were  conducted  on  a prepared  subgrade,  with  a rolling  wheel  load  simulating  actual  aiicraft 
operations.  The  tests  were  conducted  vrith  a single-wheel  load  of  25,000  lb  with  a tire  inflation  pres- 
sure of  250  psi  cn  a mat-surfaced  suhgrade  v;ith  an  initial  CBR  of  3.9.  Results  of  this  investigation 
revealed  that  the  all-bonded  XM19-type  mat  sustained  3380  actual  coverages  of  tiaffic  on  a subgradc 
that  had  rated  CBR  strengths  ranging  from  3.d  to  4.0.  These  coverages,  when  equated  to  an  equiva- 
lent 4-CBR  subgradc,  would  tot.il  4840  coverages,  thus  greatly  exceeding  the  project  requirement  of 
1000  coverages  and  surpassing  the  performance  of  the  standard  XM19  mat.  Eventual  failure  of  indi- 
vidual panels  vras  not  sudden  and  v;as  caused  by  a gradual  depression  of  the  surface  of  the  panels 
due  to  core  failure.  It  is  recommended  that  the  all  bonded  method  of  fabrication  be  considered 
for  the  XM19  mat  in  lieu  of  the  present  method  of  v/clding 
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U.  S.  Air  Force 


11.  A09TRACT  overlay  test  sections  vere  constructed  and  subjected  to  simulated 

aircraft  traffic.  Both  test  sections  consisted  of  a compacted  soil  and  AX2  mat  overlay 
on  roup.h  deteriorated  M6  mat.  In  the  first  test  section,  four  types  of  soil  cushions 
were  e/aluated:  a thin  sand  layer,  a 4-in. -thick  sand  layer,  a 4-in. -thick  clay  gravel 

layer,  and  a 4-in. -thick,  membrane-covered  lean  cloy  layer.  The  test  section  was  sub- 
jected to  simulated  F-4C  traffic.  Best  performance  was  obtained  with  the  lean  clai 
cushion.  The  second  test  section  had  a b-in. -thick  lean  clay  soil  cushion  surfaced 
with  new  AM2  over  deteriorated  M6.  The  test  section  had  a 2-l/S  percent  crown,  and 
eight  different  placement  configurations  wore  used  to  detcr.Tdnc  the  optimum  pattern  for 
placing  2-  by  12-ft  mat  on  a crowned  .subgrade.  The  test  section  was  subjected  to  sim- 
ulated F-4c  and  C-I30  test  traffic . Best  performance  was  obtained  with  a configuration 
having  a 1-ft  staggered  longitudinal  end- joint  pattern  with  only  half  panels  at  the 
center  line  of  the  test  section.  Overall  findings  from  tliis  and  another  Dare  Base  mat 
overlay  investigation  indieatc  that  the  basic  soil-landing  mat  overlay  technique  is 
feasible.  Practically  any  type  of  soil  con  be  used,  but  the  soil  cushion  must  be  well 
protected  from  surface  water.  Sands  and  fine-grained  soils  con  be  protected  with  pre- 
fabricated membrane.  Gravelly  soils  must  be  chemically  stabilized.  Generally,  the 
mini, mum  thickness  that  will  provide  a smooth  bearing  surface  for  the  overlay  mat  is 
considered  optimum.  Greater  thickness  may  be  used  except  with  sand,  which  will  exhibit 
considerable  densification  and  cause  subsequent  high  mat  deflection. 

KEYWORDS:  Bare  base  support;  Landing  mats;  Overlays  (Landing  mats); 

[AM2  landing  mats]  I 
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ai>vtnac  t 


TLc  purpose  of  tills  .study  v,-a.s  to  obtain  ncccsr.io-;/  d.ata  to  validate  or  modifjf',  if  neces- 
sary, oivlstinp,  soil  streiip.th  criteria  for  the  operation  of  hich-perr'orm.ancc  Jot  fii’Ltcr 
aircraft  on  unsurfacod  alrfield.s.  IVo  sjiccially  prepared  test  sections  verc  constructed 
, vith  four  test  items  in  each  section.  Test  section  1 consisted  of  tvo  lean  clay  test 
iitems  and  two  lieavy  clay  test  items.  Test  section  2 consisted  of  four  itews : clayey 

sand,  ic.'ui  clay,  sils,  and  heavy  clay.  Tiioso  test  sections  were  trafficked  with  an 
F-lC-type  ioadinr;,  and  the  results  were  used  to  obtain  criteria  for  operation  of 
<’iChucr-typc  aircraft  on  unsurfroed  .soils.  Skid  test.s  wore  also  conducted  on  these 
tc.st  sections  to  simulate  the  effects  of  braking  on  unsujfaccd  soils.  Results  of  the 
ti-affic  tc.sts  indicated  that  existing  criteria  are  adequate  for  use  in  designing  unsur- 
faced  airfields  for  the  rolling  loads  of  fighter  aircraft.  Analy.sls  of  the  skid  test 
data  indicates  that  unr.urfaced  airfields  constructed  of  soils  with  .strength  that  is 
primarily  depcndorit  on  the  angle  of  internal,  friction  may  not  be  adequate  to  with- 
stand mcaxiniU.m  braking  loads  of  fighter  aircraft. 


KEYWORDS:  Bare  bfj.qe  support;  Fighter  aircraft;  Soil  strength;  Unsurfaccti 

airf ielfls 
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The  invfcstic;ation  reported  herein  was  conducted  to  evaluate  the  pcrfoivcance  cf  A.lcoa 
LiehtvclQht  Braved  AM5  landing  mat,  fabricated  by  the  Alu".in\im.  Compeuiy  of  A.merica,  r.'cw 
Kensington,  ?u.  Fabrication  included  a new  pirocess  called  "flip-flop  bracing"  by  the 
manu''u''*urer.  A te.s",  section,  consistinr  of  a heavy'  clay  subgrade,  was  constructed  and 
surfaced  'rfith  the  Alcoa  Ai-!d  landing  mat.  The  test  section  was  subuec'.oJ  to  traffic 
representing  1600  operational  cycles  (l83  coverages)  of  an  aircraft-having  a' fO, 000- lb 
gross  weight  with  a sin.gle-wheel  main  gear  assemblv  load  of  27,000  lb  and  a 30x7.7  tire 
inflated  to  1*00  psi , which  represented  the  Tninisium  scr'/ice  life  requirement.  Traffic 
v/as  continued  until  the  section  -was  considei-ed  failed  after  236  coverages.  Based  on  the 
results  obtained  in  this  investigation,  it  is  concluded  that  the  Alcoa  X'.'j  vitl  sustain 
l600  cycles  (l88  coverages)  of  uniformly  distributed  aircraft  operations  with  a 

000- lb  single-v/hcel  load  and  l*00-psi  tire  inflation  pressure  when  placed  on  a sub- 
grade  having  a CPR  of  3-3  or  greater.  This  perfoj-r.ance  exceeds  the  current  nininun  re- 
quirements for  SAT'S  .sot  by  '.'.,'CT . The  flip-flop  bracing  process  resulted  in  considerable 
iTTiprovcment  in  the  rerfomance  of  the  A'-Ib  m.at  over  tlie  rerfor-.-'.ance  of  Alcoa  AI-!?  mat 
previously  tested  at  V.'ES. 


KEYWORDS;  Aluminum  landing  mats;  Traffic  tests;  [Alcoa;  AM5  landing 
mats] 
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three  soiis  in  several  "oisturc  fo.-'.ditions.  .llthoucn  .snail  fa'cas  of  soil  surface 
could  'oc  fused,  Sr.e  1-  by  b-ft  vest  SwV.ples  vore  not  stabilised.  Tneiir.al  stabiliza- 
t'on  appeal's  to  bo  is-.,.ractical  for  soil  stabilization  with  available  biu'ne.'s. 
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Air  Force  Weapons  Laboratory 
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General  criteria  for  the  design  and  evaluation  of  airfields  surfaced  with  r..ediuni-duty 
landing  mat  are  presented.  Specific  criteria  arc  presented  for  medium-duty  mat 
subjected  to  operation  of  the  C-141  aircraft.  These  criteria  were  developed  using  a 
new  method  of  analysis  involving  the  four  primary  parameters  of  CBR,  load,  tire 
pressure,  and  coverages. 
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The  primary  purpose  of  this  study  vas  to  establish  the  allo'vable  load-carrying  capacitic 
of  the  airf_eld  r.avc.'nents  at  3od.T,an  Anmy  A.irfield  (C/bl),  Port  Knox,  Kentucky,  and  to 
determine  overlay  requirements  for  C-13J  aircraft  operations.  Godman  Arruy  Airfield  is 
located  in  that  portion  of  the  Fort  Kno.-  military  reservation  which  lies  in  Hardin 
Cou.-ity,  Ken  ucky,  approximately  6 miles  ,-outh  of  Vest’ Point,  Kentucky,  and  is  adjacent 
to  U.  S.  Highway  31VK 
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Kentucky] 


UU  % -OV4.  J-/  /O  Ci.tacur.  roN  army  w... 


» , I ^ Ah  «4,  MMIC  H 


Unclnnr.lfJcd 


hrCiifktT  Ci4«4ii»CBtioa 


335 


Unclassified 

Security  C>«iKif>cation 

DOCUMENT  CONTROL  OaTA  - R «.  D 

fS*curUf  ctf»§ltle»ilon  0/  tilt*,  hodr  at  «ntf  lrd9Mfn^  ^nsfttoo  mu»l  6«  «nt9t9d  tfi*  ar*t»U  el»t9ltl*dj^ 

«.  OM'ClMAriN«  ACIIVITV  (Ce^prVf*  muthpf)  MCPORT  ftCCURlTV  CL.A»«irtC*TlON 

Unclassified 

U.  S.  Army  Ocgiueer  Vaterways  Experiment  Station  i6.  twSC; 

Vic’xsburg,  Mississippi 

».  f«i.RORT  tlTut 

TinCKITESS  REQUIREi\EKTS  FOR  SOILS  BLJISATH  LAIIUniG  MATS,  Bare  Base  Support 


4.  OCSCRiRTtvC  MOTC4  (Typ9  0/  fpott  mnd  fncfuAir#  <^r04> 

Final  report 

• ■ auThORIS)  fFfr#r  fi00i0,  mfddl9  inlttmi,  /00fn0o>0^ 

HarTy  H.  Ulery,  Jr. 

Denis  P.  Wolf 


January  1971 

•0.  CONTRACT  OR  GRANT  NO. 


70.  TOTAL  NO.  OF  PACCS  76.  NO.  OF  RCF3 

125  5 

•0.  ORIGINATOR**  RCRORT  NUhOBCRt*) 


4.  ^ROJCC  T NO.  3782-64 


Miscellaneous  Paper  S-71-3 


96.  OTHE.R  RCPORT  NOl*>  <Anf  e'*i0r  ntn60r«  th»1  mmy  60  M»»lgn*d 
tht9 

AD  756  198 


I to.  DISTRIBUTION  STATEMENT 


Approved  for  public  release;  distribution  unlimited. 


I tl.  SLiFFLCMCnTaRV  notes 


lia.  SPONSORING  MILITARY  ACTIVITY 


Office,  Chief  of  Engineers 
U.  S.  Air  Force 
Washington,  D.  C. 

i».  .ss-’KACT  studo'  reported  herein  is  one  phase  of  the  research  prograr.  being  con- 
ducted at  the  U.  S.  Ariry  Engineer  '■/ater’./aj's  Experiment  Station  for  the  pui'pose  of 
developing  a method  for  determining  tJilchness  requirements  for  landing-mat- surfaced, 
membrane- surfaced,  and  unsurfaced  airfields.  The  phase  of  the  program  presented  in 
this  report  pertains  to  the  development  01  a.  method  for  determining  thicltness  requix’e- 
rrients  of  soil  strengthening  layers  for  lati'ding-mat-surfaced  airfields,  r^ive  landing- 
mat-sui faced  test  sections  vere  constructed  and  tested.  Tnc  subgrades  of  the  test  sec- 
tions consisted  of  hea’y  clay  (I.3  to  3. 7 CBE/  of  various  ohichnosses.  Th.e  seme  mate- 
rial placed  at  a higher  strength  (3*0  to  o.O  CBR)  was  used  as  a strengthening  layer  be- 
tween the  landing  mat  and  subgrade.  Test  section  I was  surfaced  with  'Will  landing  mat; 
test  sections  II,  III,  and  r/  were  surfaced  with  HO 8 landing  mat;  aiic  test  section  V 
was  surfaced  with  /IIP  mat.  Aircraft  traffic  \ri.th  single-wheel  loads  of  25,000  to 
70,000  lb  with  tire  p'.ressures  rangiitg  from  112  to  220  psi  and  traffic  with  v.v-in-',;heel 
configurations  spaced  32  in.  center-to-center  with  loads  ranging  from  5'5,000  to  70,000 
lb  and  tire  pressures  ranging  from  109  to  l62  psi  wore  simulated  by  means  of  test  load 
carts,  Tra.ffic  vras  app<lied  uiitll  each  test  section  failed.  CBR,  water  content,  and 
density  of  the  suhrrade  and  overlying  higher  rbrength  layer  vere  rxasured  before,  dur- 
iJig,  and  after  tiiC  traffic  tests,  and  the  condition  of  who  test  sections  was  recorded. 
Deflections  and  deforr.ations  were  determined  throughout  testi.ig.  An  equation  for  de- 
ternining  the  required  thicinecs  of  soil  strengthening  loj/ers  beneath  landing  mat  tos 
developed . ■ 

KKYWORDS;  Airfields;  Bare  base  support;  Landing  mats;  Membranes;  Soil 
' thickness;  Unsurfaced  airfields 


DD/r‘..1473  55- 


C«9  DO  FORM  1479.  I VAN  I4.  WMlCN  19 


Unol:ir  si  Tied 

£l090l/U0Uoa 


336 


> 


Unr  1 I f*i  >'ii 


DOCUM^N'T  CONrr’OL  DATA  - R D 

< Ik  t »ihi  rtf  tuff,  t itn.l  httl*  utn^  snnolKlIon  r-.u»l  hr  •nff'f  •«/  *»  lltf  rtvKtsll  fKitnfl  It  r Ik  k •lllmtij 


OHiU|r4ik1M4<^  ACMvtYV  ((off’wr* 


U.  l5.  Mxv  ’’:v’.l''icor  V/atoiT-;aya  F.xjxii’iment  Station 
V j <;  k;'bu3'( ; , Hi  n ir. i]  'pi 


]2*.  nt  i’or»  T »kCur>Mv  CuA&ktnc  a i lor 

Unoi 


: M C p 0 It  1 f 1 1 L A 

iUSl'OKY  OF  KAISER  AUIMlfllM  JiOKEYCO!-in-COKE  £ 

AlffiWlCH-’JTPE  HAT 

4 Ot&CfviP'ttVL  r«ctr»  ('7>t>4  p/  r«|ior(  »i\U  lnctu*lvp  at  If)  1 

Final  roTiort  ! 

b.  AvJ  T mOIU:>1  (FittI  nAuiti,  Inillat,  Ittf  rmnym) 

Gordon  I..  Carr 

e.  MLPC^ItT  V A Tb 

February  1971 

7A.  TOTAL  NO.  OF  PACLS 

76.  NO.  OF  NCF9 

V 

CON1MALT  OH  CHANT  NO. 
b.  PAOJCC  T NO 

»«.  onicii4ATOf<*f  RCPonr  num^depus) 

Miscellaneous  Paper  S-71-** 

e. 

d. 

»t>.  OTHCN  rlpont  no (91  numb«i>«  (/s*r  otsy  t»  tttlifntd 

thit  itport) 

AD  908  324L 

i 10  0*ST«»roT»ON  SYATEMCNT 

Di.stribution  limited  to  U.  S.  Government  agencies  only;  test  and 
evaluation;  6 rlarch  1973.  Other  requests  for  this  publication  must 
'be  referred  to  U.  S.  Array  Itateriel  Command,  Wa.siiington,  D.  C.  ; 

ANY  NO  T L> 


[l2-  SPCN&OKING  MILtlAHV  ACMVI1V 

U.  S.  Array  liatei'ioi  Consiand 
Viasldn^ton,  D.  C. 


I)  AUaii^ACI 


This  roport  elves  the  history  of  the  devolopsicnt  o.nd  i-mprovcaonts  of  aluminua 
honcyconih-coro  sa!jd;;icli-typG  ]:aidira  mats  vdiich  were  tested  ns  niedarsn-duty  natc. 

Tiiese  mats  vorc  dcsir.r.edj  dcvoJoy.e'd,  and  fabricated  by  the  Kaiser  Alumlmm  wid  Cheni- 
cal  Sales  Co.,  Trio.,  Oaliland,  Calif.  Davinc  the  period  January  1965-May  I968,  accel- 
erated traffic  tc.sts  were  conducted  on  .several  experimental  versions  of  the  nnts  at 
the  U.  S.  Armj'  Easincer  Watervray.s  llxiic-r imont  Station  (VdES),  Vicksbiu'G,  lii.ss.  A small 
quantity  of  the  last  version  (de.siGnatod  »I19-C-')  wa.s  acquired  from  n 9>000,000  sq  ft 
production  contract  and  tented  at  the  WES.  Intccrated  crx-'ineerinc/servico  tests  wore 
conducted  at  D;/es.s  AFll,  Texan,  on  the  MXI9  (first  production)  mat.  This  report  de- 
scribes the  nct:imor)ihosis  of  tlie  prototype  }'iX19  the  present  XIQ9  which  has  been 
typ'2  classified  (limited  production)  in  the  Federal  Supply  Sy.ntcm. 


KEYWORDS:  Accelerated  traffic  tests;  Aluminum  landing  mats;  Honey- 

comb structures;  Medium-duty  landing  mats;  [Kaiser 
Aluminum  and  Chemical  Co.;  KM19  landing  matj 


I 1 4 A ^ NU»*bAC««  00  POniA  1 4 

U'iUJ  •novmI^/O  ro«  ahmv  u#«. 


AN  •a,  NHICN 


Unc.lanRlfiod 


S«cuntY  CUAsUlcation 


337 


UlU'l'l.',;uficd 


Cl.t'.'.ifir.ition 


UOCU.'.ICHT  COtlT!;OL  DATA  . It  2.  D 

fSrcvfHt’  tttir/tlion  9f  Ittir,  hmttr  »/  nh»ttnt!  ntu!  timnltition  ntuil  when  l/it»  overnti  l»  tlnt^lUrti) 

I . ONI  C IN  A TINS  ACriwiTV  (Cofyofnio  muthotj 


3 


U.  S.  Army  ftnctnccr  Vfctcrvrays  Experiment  Station 
Vicksburg,  Mississippi 


|i«.  NLI'OMT  SLCUNITT  Cl.  A »l  F I C A f ION 

Unri  nr.s  j f5  c<i 


2<>.  cnoui> 


3.  NCNONT  TITLE 

AIRFIELD  PATOMEirr  REQJIRMONTS  FOR  MULTIPLE-WIffiEL  HEAVY  GEAR  LOADS 

4.  OLSC  RINTi  V E NOTES  C^p0  oi  tcpoit  •nd  tnclu»l09  dml00) 

Final  reoort 

3.  AU  THOHlSt  (t'utt  n«0i«,  midJl*  Initial,  !m»t  nneicj 

Donald  N.  Brown 
John  L.  Rice 

3.  NEt'ONT  OATC 

January  1971 

7«.  TOTAL  NO.  OF  PACES 

*13 

• CONTRACT  OR  CRANT  NO. 

fa69'.-iai-156i 

b.  f NOjeCT  NO. 

»A,  ORICiNNTOR'S  REPORT  NUMDERtS) 

Miscellaneous  Paper  S-71-5 

•■Work  Unit  Ko.  i;50-702-0itE 

d. 

9b.  OTHER  REPORT  t*0<si  (Any  oOt«f  ftuab^r*  IA*t  ^*0lcn»d 

t/tia  taper!) 

KAA-RD-70-77;  AD  721  530 

10.  DISTRieUTiON  STATEMENT  * 

Approved  for  public  release;  distribution 

unlimited . 

11.  SON^LEMENTANY  notes 

12.  SPON&ORINC  MILITANT  ACTIVITY 

Federal  Aviation  Administration 
Systems  Research  Sc  Development  Service 
VJashinpton,  D.  C. 

13.  A^STRACT 


This  dociu:iGnt  presents  recocmended  changes  to  Federal  Aviation  Administration  (FAA) 
Advisory  Cirouj.ar  I’.o.  150/5320-6A,  Aii-port  Paving,  relative  to  design  and  evalua- 
tion of  airport  pavements  subject  to  traffic  resulting  from  operation  of  the 
Boeing  7h?  and/or  Eockheed  C-5A  aircraft.  Criteria  for  flexible  and  rigid  pavement: 
were  prepared  in  accordance  with  procediircs  developed  as  a result  of  an  engineering 
investigation  of  the  effects  of  traffic  of  multiple-wheel  heavy  gear  loads. 


KEYWORDS:  Flexible  pavement  design  (Airfields);  Multiple  wheel  lauding  gear;  Rigid 

pavement  design  (Airfields) 


LJi) 


•»  •vsr'.'w.— • r 

N.3**l.ACr;»  CH»  FO.*IU  IA?*.  I jAt4  *4.  riMlCH  !• 
ookOkKTa  Fon  anmv  wbk. 


1 


Unclassified 


338 


Unci  is.sifigd 


DOCUMENT  CONTROL  DaVA  - R 6.  D 

(Security  clut  iifit'flion  ol  If  r/o,  brnty  ot  M(i*lr/><  I an'l  intienliifi  ivinolaticn  niuul  ba  tn/vrcd  v.-h«n  tha  <•  vert:  II  rr-poil  la  elnaeldedl 


I OMIOINA  TIMO  ACnVt  7 Y (C'orparalo  aulbof)  I^A.HtrOKI  SECUlillY  C U A S>l  K(C  A T ION 

II  S Aririu  Engineer  V/aterwavs  Exocrimcnt  Station  Unclassified 


U.  S.  Army  Eiujiiieer  V/aterways  Experiment  Station 
Vicksburg,  Miss. 


EVALUATION  OF  KAISER  PRODUCTION  ALUMINUM  HONEYCOMI5  LANDING  MAT 


4-  DCSCRtPTIVE.  NOYi'S  (T)’po  Of  report  end  Inelualve 

_i'AO;.l  report  

a-  Au  f HONt>l  {i-iful  >>  'o,  middle  irtillel,  teat  twtr^e) 


Cho.les  T.  McCormick 


March  1971 


10.  UISI  niOUTlOH  flYAYEMLNT 


ORIGIN/  TOP’S  REPORT  NUM’uER(S) 


Miscellaneous  Paper  S-71-7 


9b.  OTHER  REPORT  NO(S)  (Any  other  true  bare  that  ency  be  atel^ned 

tlita  repo:l) 


AD  883  189 


Approved  for  public,  release;  distribution  unlimited. 


I.  50PPL  l.MCm  ARY  NOTES 


12.  SPONSORIN'!  MtLITAHV  ACTIVITY 

U.  S.  Army  Materiel  Command 
Washington,  D.  C. 


The  investigation  reported  herein  was  conducted  to  evaluate  an  aluminum  honeycomb-core  landing  mat 
designed  and  fabricated  by  Kaiser  Aluminum  and  Chemical  Sales  Company,  Inc.,  Oakland,  Calif.  The 
mat  is  a sandwich-typia  structure  vrith  the  core  bonded  by  an  epoxy  fibn  to  aluminum  skins  on  top 
and  bot'om.  Extruded  edge  connectors  are  welded  to  the  skins  and  bonded  to  the  core.  Individual 
panels  are  joined  along  two  edges  with  a hinge-type  connector  and  along  the  adjacent  tvro  edges  by 
oveiiapAmdeiiap  type  connectors  that  are  locked  together  by  insoition  of  a cojinoclor  bar.  This  in- 
vestigation consisted  of  laboratory  and  tiaffic  tests  to  obtain  information  to  evaluate  the  performance 
of  the  Kaiser  mat  with  regard  to  project  requirements.  The  traffic  tests  were  conducted  with  a roll- 
ing v/hccl  load  simulating  actual  aircraft  operations  on  mat  ijlaccd  on  a prepared  .subgrade.  The  tests 
wore  conducted  with  a .single-wheel  load  of  25,000  lb  with  a tire  inflation  pressure  of  250  psi  on  a 
rnat-;urfaced  subgiade  with  a rated  CBR  of  d.l.  Failures  resulted  fiorn  depression  of  the  surface  of 
the  panels  caused  by  core  failuic  and  by  ovcrstrt.ssing  the  potting  compound  between  the  edge  con- 
nectors and  honeycomb  core.  Results  of  this  investigation  revealed  that  the  Kaiser  production  mat 
sustained  H3d  coverages  of  traffic,  v/hich  was  equivalent  to  1280  coverages  on  a d CBR  subtjradc, 
thus  exceeding  the  project  requirements  (1000  coverages  on  a 4 CBR  subgradc).  Based  on  the  results 
obt-iincd  in  this  investigation,  it  is  recommondod  tliat  overall  quality  control  measures  be  employed 
to  eliminate  fabrication  deficiencies  that  occur  when  panels  arc  fabricated  at  a high  production  rate. 
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The  design  of  a flexible  pavement  airfield  requires  that  the  traffic  volume  be 
considered  as  one  of  the  parameters.  Criteria  are  presented  that  allow  the 
airfield  designer  to  design  an  airfield  for  any  anticipated  traffic  volume  by 
decreasing  the  basic  design  thickness  for  less-than-capacity  traffic  and  increasing 
the  basic  design  Uiickness  for  traffic  volumes  greater-than-capaclty  operation. 
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I’hc  purpose  of  tliis  report  is.  to  present  the  resuits  of  an  i nvostip.nt  ion  conducted  at 
fuccdec  Ar.'.y  Airficid  (AAAF)  in  Key  an-l  October  1970.  fei  ui.usual  problem  occurred  in 
the  bituminous  cjvcrl.'iy  pavement  on  the  nirfielu,  aiid  this  investif.ution  vas  concucted 
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on  toj)  occurred  in  tlio  runway  surface.  A number  of  those  domc-sliapcd  bulges  were 
saved  out  of  the  paveii.c.nt , and  tests  were  ir.adc  on  the  iiiate'ri als . Uesults  of  t/.ese 
tests  arc  reported  herein. 
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This  study  vas  conducted  for  the  purpose  of  developing  a relationship  between  elastic 
pavement  deflection  emd  pavement  performance  (number  of  traffic  applications  necessary 
to  cause  failure).  Data  for  the  study  were  taken  from  past  studies  of  airfield  and 
highway  pavements.  A summary  of  test  conditions,  failure  criteria,  and  traffic  type  is 
given  for  each  data  source.  A relationship  was  developed  between  elastic  deflection 
and  the  number  of  coverages  of  traffic  for  combined  airfield  and  highway  data  and  for 
airfield  data  only.  The  relationship  of  wheel  load  and  tire  pressure  is  given,  and  a 
multiple-regression  equation  was  determined  to  predict  coverages  as  a function  of  wheel 
load,  tiro  pressure,  and  deflection. 
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A theoretical  analysis  of  prototype  landing  mat  was  made  using  five  mathematical 
models.  The  model  responses  were  compared  for  the  same  data.  Several  correlations 
of  model  response  and  prototype  performance  were  made  to  study  the  application  of 
the  models  for  prediction  of  coverage  life  for  landing  mat.  An  equation  that  is 
independent  of  any  of  the  models  is  presented  that  will  predict  reasonably  well  the 
coverage  life  of  various  landing  mat  prototype  sections  as  well  as  unsurfaced  landing 
areas. 
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The  purpose  of  the  study  reported  herein  v/as  to  obtain  data  to  validate  or 
modify,  if  necessary,  existing  criteria  for  the  operation  of  the  C-5A  aircraft  on 
unsurfaced  airfields.  Two  specially  prepared  test  sections  v;ere  constructed  and 
trafficked.  Test  section  1 con.slsted  of  a three-item  test  lane  designed  for  evalua- 
tion of  surface  strength  requirements  and  was  trafficked  v/ith  a l?-wheel  C-5«  gear 
arrangement  loaded  to  PPR.OOO  lb.  Test  section  2 consisted  cf  two  traffic  lanes, 
(lanes  1 and  ?)  of  four  items  each  designed  for  evaluation  of  thickness  requirements. 
Lane  1 was  trafficked  with  a 35,O'0O-lb  single-wheel  load,  and  lane  2 was  trafficked 
with  the  12-wheel  C-5A  gear  arrange.ment.  An  analysis  of  the  test  data  showed  that 
existing  criteria  could  be  used  to  design  unsurfaced  airfields  for  operations  of 
C-5A  aircraft. 
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This  investigation  vas  conducted  to  evaluate  a waterproof  version  of  ?1'.19 
landing  mat,  wiiich  is  nearly  identical  with  standard  Xj'ilh  mat.  laboratory,  blast,  and 
tral'flc  test.':  were  conducted  on  three  vei'sionr  of  the  X!iL9  w-.-terproof  i:.a1  . 'Ihe  type  1 
mat  (P  connector)  jicnaitted  excessive  dof'lcciion,  inc'iiiling  stre."..se.9  an.i  breahr.  in  tlie 
panel  E.  The  t.vpe  2 riat  (Pl  conne  tor  witi'oiit  water  seals)  wathsloo.!  p.  2h,G00-lb, 
single -wheel  load  for  POOO  coverage.s  on  a .subgr.ade  with  a j.-.ted  CPU  of  t.l,  which 
cquateE  to  17f')i  coverages  on  a subgrade  with  a .strength  <.>f  It  CFK.  Tni.s  exceeds 
the  Qualitative  Materiel  Requirement  (Q.MK)  of  1000  covcra.'i  s on  .a  It-CUR  subgradc  and  Is 
e.v.r.entially  equal  to  the  service  life  of  standard  XM19  mat.  Tb.e  waten^rot'fing  capabili- 
tie.s  of  the  tjq  c 3 mai  (W  connector  with  water  seals)  were  dcron.st.’'.ated  on  low-  and 
high-strength  subgradcs.  Prior  te.st  data  indicc.ted  that  r.ir.ilar  mat  would  not  with- 
stand 50  coverage.s  in  rainy  weather,  but  the  tyj.>e  3 mat  with, stood  642  and  1668  coverage: 
on  .subgrades  of  lov;  and  high  strength,  re.speetivtsly , over  s.  six-;  onih  ]:ei-;iod  during 
which  a total  of  55.24  in.  of  rainfall  (n.atural  and  simulated)  was  recorded.  Ti,e  plac- 
ing rates  for  the  types  1 and  2 mats  were  4l4  and  44l  sq  ft  per  raii-h.our,  respecti vely , 
on  a flat  subgradc.  Ibe  inaxiiT.um  placing  latc  obtained  i'or  the  t;,'pe  3 m<at  in  i.hree  lest: 
was  66.4  sq  ft.  )icr  nian-hour  on  a 2 percent  crowned  subgradc;  however,  this  I'ate  was  in- 
creased cou.sidorr.bly  using  isproved  placiiig  tools.  The  antisV.  id  coating  }U'ovided  a 
.surface  that  yielded  a coefficient  of  fraction  of  0.5''^’  on  bol.h  wet  and  dr-y  surfaces 
and  that  produced  only  slig.ht  tire  vrear.  The  tjpe  3 fvil  witli;;tooil  the  lila.st  tempera- 
lur' ■ test  without  loss  of  straiclurrai  strengtli  or  damage  to  the  seals.  Tire  seal  bars 
wet  damaged  both  during  traffic  and  durlnp;  the  removal  opc)’atio;i  and  were  not  rc- 
ns'il'le.  All  locl'.injr  bars  were  rcu;:aV)lc  except  those  danngod  during  removal. 
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teriel  C:nnand 

. C. 


This  in  •estimation  •.■.•as  conducted  t.o  evaluate  MC-l-ltll  . r-  rrinf  rje.:  pia.^'ic 
ir’.at<’rial  molded  into  a •.•••aff’.e-like  cor.ri.'ur-l  ien . for  u.s-3  li.  ..i-duty  la.^dir..:-  mat. 
Tests  v.’ere  ccri'.i?^-d  '•r.  •'c'.;"  .~pe  .-ial  o'ce'.s  ” ' '•SO-! 7.“'  1‘8  ecr.neci-.i  b.v  nut  plates 
bolts  placed  in  pjre.iri lo.l  .roles.  Th’’  traffic  te.sts  'mere  ■■.-rd'.:  .1  u.“'ir.  C-’-i  'iir- 

craft  loading  on  three  pr'^pared  .''ub.prades  of  differ'''nt  str..-nvths.  .results  of  this 
invest!  a*i“n  it'di  --.t"  MC-MAT  l'.^  •.-.ill  sustain  9C , l8'i . and  hOC  actual  co'ver- 

a.  t-s  cf  *raffi>-  .-.•lien  r. ! t'.-ed  on  .subrrado.s  -..i''  ';.  rated  CT-K's  of  b.i.  and  10.  respeo- 

liv-'ly.  1 her.-f 're . t:.  - .'l-'i’.T  1 '"S  do--.;  ■:c‘  t tl.e  Quali  t'-t  i'.'--  t-rl'l  lecui.'"- 
rnent  (C.’-lt'  for  a iijh' -duty  mat  (1000  co-se^-a.-cs  on  a U-C!'il  sub.prade'.  Tlie  MC-MIT  lj8 
panels  '.•/ere  asse.-nbl'-d  at  an  av"ra  e rat<'  of  ’ 'f  n f1  per  man-hru'r.  ■mhicb  does  not 
m 't  the  -tinimu;:!  QM:1  placinm  !'at"  requirement  'f  bX  so  ft  per  "•.■’•'-hour.  The  aveo-a  e 
coefficients  of  frict'lon  obtained -from  wet-  and  dry-skid  tests  '..‘ere  0.30  and 
respoc‘ i '.•••1  y . Thc>'efore,  the  coefficient  of  friction  on  a ■.•.’ct  sc,’'faco  falls  below 
thr  OM’  c'efficient  of  friction  r;mp,e  of  O.b  to  0.8.  Tire  -wear  durinc  the  v.'et-skid 
tests  'was  neplimii  !e.  but  small  pieces  of  rubbei-  were  peeled  fi'om  the  tire  durin.c  the 
dry-skid  test.”.  The  longitudinal  and  transv-’.-se  joint.s  did  not  provide  waterpr-of 
connections ; also,  the  ]en,-if udinal  Joint  pl-u-tie  nut  pl.al-'s  ■.oe>'e  not  stron  ■ e.'.eu  -h  1 
sei'iire  t ■ b'lti'd  ove .-1 --pr i r ' p.arcls  wnen  ti’‘  "’.til  'was  placed  on  a rui'i'.r •; ie . Due 

to  -s.-.  ei-.--  '■  .i  ..!  ■.•;.  ■ l!-c.’';u't  touch  down  short  of  a rur.'.-.’ay  r-.i.  : iu"  to  po.s.cible  dif- 

;'lc\;'.t;.'  d-urinp  i I'.stal  lation , tlie  anchorape  .sy.etera  used  in  tills  inve.st.imaf.ion  is  not 
rornndered  fea.=  iile  fer  field  use.  !t  is  recommended  tiiat  no  further  censidc'r'it.ion  be 

KEYWbfcsr  Lighl;' duty  landing ’mAtsT  ^ias^  landing  mats;  Reinforced 
’-—^--■  "rnffic  tests:  MO-MAT  158  m.nrl 
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I,  <;:o  r.ubb-:rr  and  base  a.ri-i  Ihc  aajh'’ltic  cont-TOt.-:?  used  in  the  oi'irinal 
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1)::  la;  •' r -yV  arp};.-)!  t j cojicrct-c.  Tu  itci..  a in. -thick  i- -^rt  u:  el  to  rcrlrmc 

ti,«''  ^'rl.-n  n.l  p.ranulnr  'm./i-ncc-  :;atcria3,.  ihis  itni;.  v-ar-  tlieii  cverVil  \;iU.  a • - i r. . -thi 
•run’;-  l-il.jnc  ba::e  and  a 3-in. -thick  ar.p/mltic  coucrctc:  sutl’aco  c*'mrso.  'J'};-.-  soil  ns.el 
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;■  ..  , \ -ill  ^ VC- r‘f :-,<-'»:hrnr.e , Ih--'  rubmnn*'  b*'-'- ’k 

' it.'c  it;  ;■  ■<  r •le-':’  ] ■ ■ t iiyJ.min . i'k.o  v.'r’n  1‘  c 3 1 . i'.‘-  '.'1  ! 

cloUi  that  v.'ar.  fi  c 3 1-t.T’cat  cd  ■■•.■itli  a ont.ion'io  caiU.rl  t’j  ■'i  a.splirlt- 

-ic’.'O  t : on  '-Rr.-2)  , VIjc  test  ii-ens  -.mro  sul\b*ot-'l  to  ti-aJT'.o  v/l'h  a rjr;.ui''t'  i t-lA 
-1  i n-p.«'ai'  lw^-v.'i.co3  a.'  S'  S.bl.v  \riX.h  a 3' G jO  l'i-lb  pl’oss  lo'*.!  and  o »’d  l 1 1'  sin;;''  .joX 
' '.I'l.v . iho  ro'njec  of’  the  ter.t  ito:..s  und'"'*)'  traiTic  cV.ovrod  i hat  t he  Cn  Ii  *' j t of 

n’  l.licinp  I-ibt’I/s  :ir  slrnctufal  eleiiionts  in  xa\*cr..'iit  .‘onstructi- n is  fe-iribb'.  V'e 
iti.'thicl:  i'Eb'J,  coiisi  ruct' 1 over  a A-CEK  .sul.'';rnde  v.-lv!;stood  n'*'  In-aiTic  v/ith  lb'*  '^-^A 
-lin-  ll.an  .Ud  a conv«nii  lori'i.l  ])avei;,onl  ite:*'  of  th''  saru*  tot  ••'1  ^licUncss  durinf;  tliO 
■■'  'i-  h-  l\:rth'  r .■cn-K  in  nO'-ded  to  Im-l'ip  m i.strii  ; .'n  l.i'ChiJx'*'-'"  '‘■nd 

:..cthi).l;;  c-l‘  con.etruct i np  pinannlar  bancs  find  asplialti.*  concrete  .la;, ern  over  Mi.’J.'s. 
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J.  AnSTHACT 


Modcl-t'-protol ype  sirilitude  requirements  were  developed  in  this  study  for 
un.-Turfaced.  Ian  ;'r.  •-r.-jt-surfaced.  and  conventional  flexible  and  rigid  pavement  struc- 
uire.s  for  airfj'eli.s . An  extensive  literature  search  of  model  studies  was  first  con- 
ducted. ITie  g'T.iral  concept  of  di.mensional  analysis  in  the  area  of  pavement  systems 
was  then  introduced,  followed  by  identification  of  important  variables,  devel  0Dm.‘=-nt 
of  pi  terms,  and  formulation  of  similitude  requirements  for  true  and  distorted  m.cdels. 
A compensated  mMel  ‘!iat  distoi-t.s  one  or  more  design  conditions  in  sucii  a manner  tliat 
ihe  distortion  is  ccm.pen.sated  is  proposed  for  pavement  .syst''ms.  Other  use.s  of  model 
facilities  are  also  discussed  herein.  A shoi't  analysis  is  made  in  tlie  estimation  of 
the  desired  size  of  the  model,  and  the  i-cquired  power  of  the  motor  for  various  ge-ar 
configurations,  loads,  .speeds,  and  scale  Y-atios.  It  is  recom.mended  that  a model  be 
constnicted  for  testing  a single-wheel  assemldy  travel  inr  at  l^w  srei-  is  at  this  si  a ‘O 
of  .study. 
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This  report  describes  observations  made  during  operations  of  the  C-5A 
aircr.'  ''I  at  the  iandi.ng  mat  test  strip  at  D^'ess  AFB,  Texas,  and  describes  the 
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U.  S.  Army  Materiel  Command,  Washington, 
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’ This  report  describes  and  presents  the  results  of  engineer  design  tests  'EDT) 
of  tv;o  dust-control  materials,  a polyvinyl  acetate  (PVA)  v;ater  emulsion  and  a cationic 
asphr It- neoprene  emulsion  (CAlfE),  and  two  distributors,  one  pncvmatic  and  one  mechan- 
ical, ..hat  were  used  to  apply  the  PVA  and  CANE.  Both  distributors  were  used  to 
apply  the  PVA  and  CANE  with  no  reinforcing,  with  fiberglass  scrim  reinforcing,  and 
with  prechopped  fiberglass  reinforcing  to  sand  and  clay  soils  in  an  intermediate 
climate.  The  materials  were  allov/ed  to  cure  for  U hr  after  placement  and  were  then 
subjected  to  the  simulated  airblast  of  a CH-U7  helicopter  and  a C-130  aircraft  and  to 
traffic  by  1/4-  and  2 -1/2 -ton  vehicles.  Only  ndnor  deficiencies  in  the  PVA  and  CANE, 
i.e.,  instability  in  storage,  excessive  runoff,  and  tackine.ss  after  4 hr  curing  time, 
were  observed  during  testing.  The  jmeumatic  distributor  sprayed  both  materials  with 
ease,  but  the  mechanical  distributor  encountered  difficulty  in  .spraying  the  CANE. 

Based  on  the  results  of  the  investigation  reported  herein,  the  following  recoin, senda- 
tions  are  considered  warranted:  (a)  Action  should  be  initiated  to  correct  the  de- 

ficiencies in  PVA  and  CANE.  I'b)  Fiberglass  scrim  should  be  used  as  reinforcing  ma- 
terial until  equipment  capable  of  placing  prechopped  fiberglass  at  the  required  rates 
and  in  the  required  quantities  can  be  devised  and  developed,  (c)  Investigations  for 
improving  the  distributor  pump  should  be  continued,  (d)  All  edges  of  film-forming 
dust-control  materials  that  may  be  exposed  to  blast  should  be  anchored  by  buiying, 

(e)  Film-forming  dust-control  materials  that  are  to  be  subjected  to  trafi'ic  shoald 
be  reinforced. 
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An  iiivooi.j.f'atioii  ■.■;us  conduct!  ! to  < vt0.u.''ii’  anciliro  y itt*ii.c  ft.r  ur-.;  vi'lh  lillA  m.l  >’n9 
Irtndin;'  uatc.  Traffic  and.  fioll  tcr.ta  ^.'ore  conduct od  to  obtain  infoi-ii.’ition  ft'!-  u.'.o  in 
co'.iparii:  ' tie  pi  rl'o)'i:‘.".nc!  HfVi  of  tne  ancillary  itn;.;!  v.'ith  t!ic  foi-rnancc  life  rc- 
quj rc;r;  .nit  for  la.ndiii;'  r;''t.  Variouf.  turn  adf-pterr. , acco.'ir,  n'iapti  )T. , c.ta.rtinp,  conncci- 
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rurfi.r  ■ 1 p’vpnr!  rut’/ ri,  t.'.n  . v.'ith  vii.H'inr  viv’ol  io'i  .siriul  ti  n-  noti.ril  ■•irci-i'"t 
op  r.'.tion.'..  T):c  turn  rnaptorr,  nccor.r;  rulaptrru,  .".tc.i-tinp;  coiinoctcrr. , a.n.i  liuif  iruiel.'. 
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(b)  t!ic  M.fiy  repair  pan  1 dccii^n  be  studied  and  innrovoniontr  be  riade  to  incre'isc  the 
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I The  purpose  of  this  report  is  to  present  the  results  of  an  investigation  perfonned  at 
; Campbell  Array  Airfield  (CAAF)  in  April  1971.  The  inspection  was  liraited  to  visual  ob- 

j servations,  and  no.  tests  were  conducted  on  the  existing  runways  and  taxiviays. 
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The  purpose  of  this  report  is  to  present  the  results  of  an  investigation  at  Fort  Polk 
Army  Airfield  (FPAA)  in  March  1971.  The  inspection  linited  to  visual  observations 
and  no  tests  vere  cor.iuctcd  on  fhe  existing  runways  and  ta^ivays  at  that  tir.e.  In 
June  1971,  the  U.  S.  Array  Fogineer  Waterways  Experiment  Station  (V.'ES)  performed  tests 
at  six  locations  in  connection  with  a research  study  in  which  vibratory  equipment  and 
small  auger  holes  were  studied  as  a means  of  perfoming  evaluation  tests.  Results  of 
these  tests  are  shown  in  table  1.  A layout  of  the  airfield  pavements  showing  the 
locations  of  the  aager  holes  is  shown  in  plate  1. 
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Field  measurements  vere  made  to  determine  the  velocity  of  the  horizontal  and 
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evaluating  the  effects  of  vehicle  characteristics  on  surfacing  requirements  prior  to 
procure/nent  of  specific  vehicle.s.  At  the  present,  cross-country  mobility  and  the  ef- 
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satisfactory  only  for  two  types  of  equipment  and  for  periods  of  limited  duration.  The 
stud^'  also  pointed  out  the  need  for  a better  u.nderstanding  of  traffic  patterns  within 
container  storare  areas  and  the  statistical  dl  .-.tributi  on  of  ..-ross  container  weights, 
KEYWORDS:  Container  handling  vehicles;  Light  duty  landing  mats; 
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oven  thoup.h  Vjids  v.?ro  pi’csent  in  the  welds  in  noj:f’  arePs.  The  placeinent  rate  of  I’le  mat  V'.r.  3'cO  rq  ft  p';r 

mrin-hour.  Ti»c-  .aviTag/.-  oocffici  ent.s  of  friction  obtained  from  skid  ter.t.s  on  v>'t  and  dry  .aurfacei.  vei'*  0.^)7 
and  O.tH,  respectively,  liio  tlr*.-  wear  result  ing  from  skidding,  on  hot.h  the  wv  t tc' ! dry  sui*fao  ‘.i  was  not 
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exv‘'*'*>h'  l ti.e  mitilmutn  piiysieai  p"iui  r'.'m‘*nt  s . 
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,2.  5PON&C  Ml  LI  *i  AH  Y AC  7 1 VI1  t 

U.  S.  Arr.y  Matoi'ic-1  Co.*ir.H*d 

V.’asbi!  . ■ . n.  C. 

I‘h<'  irv*-rtiputior.  rc‘port';d  borein  V7ac  condjctod  to  ovalunlo  ?-  by  trur^r-vc\  u'v  i.'.iv..  aHcy  rjctriinionr 

without  c-nd  co!innot''')*c  and  trus«-i.’cb  filuirJnuni  alley  heavy-duty  lar.di.  r,  lAi  dor.5f^n''d  ly  »'  v C'v*n:cal  Tor  ^.an..' , 
MhUand,  Mich.  The  t.i'Uf a-vreb  rxti'Uf.ions  wnre  c*ne-}iioce  mulii-hoHcv  6C7l-T<^  alf.rJi.r*  all  <y  «'xtrur.io!;."  vit'- 
cii*  nnJ  conii(;c+'“rf5  arJ  were  l«l/p  ir..  tiiick,  ? ft  wide,  arid  ft  1 F’o  ar.tl:kid  was  to 

the  cxtiusior.s.  After  the  P-  ly  fU-it  truaF-web  extninlons  were  l,ost«-d  under  iraffi-’,  D.  v fupplied  e'~  by 
9-fl  1 nedins^-nnl  ynriOlr,  and  tliene  were  cvalunted.  TIk'  r.at  is  a one-piece  irr:l*  1 -h<  1 1 ' v oxtniricn  ftil'-icat-'d 
fr.  "■  rcv'-l-Tf  uluranum  all'^y,  l-l/?'  in.  thick,  ? ft  wide,  and  o ft  and  bar  avf.rkid  n:;<erial  o;.  * • tn]’ 

{•u!*fnce.  The  iv.v'-sl ipat^ on  cd  the  r.:it  cc-nsintod  of  traffic  testr;  Fkid  tc-rln;  cal  !•'  r n-e\o»-,  hoeV-i act , 
Jct-l-luFt  , aiv!  t»:';j)Cralure-iTr,iin(y.:  .‘'nt  tests;  and  lal'.ratoiy  testF,  The  l»>;--tf  v,f*ia’  to  evaVato  Ih" 

cerviv;  life  ajul  pcrfcmance  of  tlio  tni."s-vcb  r«t  in  eciordance  with  th>  Q'.iul  itut  iv  MaU’ricl  Itequ  i r-' -*  r.t . 
*}'riirr5c  tests  ver-*  conJueted  (•■jj  qinant j 1 i es  of  the  ?•-  by  f’h-ft  ext:a:si''n.'3  (internal  liVr  and  cidc  ccj.n  . . ^ ors 
penp'-ndicular  to  the  di^f•t:lion  of  whe*.-l  travel  of  l-iad  cart)  without  end  conji*  ctors ; P-  ly  f*-rt  Inisr-vel 
tr»*  j'lacnd  ir.  the  F*ar,d-rd  placernnt  jatlei-n  (ride  coMn'otr’-F  and  irit'Vnal  rils  jcj;-*  livulaj-  fo  tie  •i.jrr. 

M n of  wh'^cl  travel!;  ^ p.  \.y  n_ft  ;.»i«  placf  1 in  a lot'.j  •itudir.al  pi  a'''".nnt  patf'-ra  i.*;  ccnncctmr  ai.d  in- 
ternal rib.'?  paiHllol  to  wheel  ti'avell.  The  traffic  te.«t&  were  co  due  ted  with  the  fT-f'-i/-np  ext^jc  i or.-  ar.d 
O-ft-lcnj*.  nvit  .r  ci\  prepared  subp,ra'l"t  uririff  rollin.*-whcel  load  ri  rr.ilat  inp;  r»et\iHl  ainral't  c peratiOT*'^ . 'A.r 
irusS"WOb  extrosiojir  withFtoovl  1 T?'«  coverages  (l.'rlcr  coverp.fes  on  a rnl  .'riide  with  a h.P  C'd\l  uni  an  r.dli- 
tic.nftl  ?UCG  stryle-llnc  passes  on  a •),0  OU  (total  of  hCVV  j'fiSFus  or'  ore  lare  of  th'-  trrt  i€*ction).  A tctfil 
of  PCVf'O  coverages  (equivalent  to  iflP  cf/erapes  on  subpradc  with  a ^i.O  OKI  were  appli.d  on  the  P-  ly  9-fl 
rr.at  in  the  standard  I'lacrment  pattern  before  failurt'  occurred,  IVo  hutidred  covn-rap.cr.  (equivalent  to  P’iO 
covciupes  on  a subprade  with  a h.O  C.ldt)  were  a]']jlied  on  the  trusr-wb  imt.  in  the  Icnfit'.nUnal  j attcin  lefore 
the  bJnt;Jr:/T  aeiton  of*  the  r'.at  allr-wed  tire  subprade  to  flow  cut.waid  from  the  ccirler  of  the  tORt  seclloii. 

This  cauju  d a Irouj’h  to  form;  thus,  the  test  R'.-etion  was  considered  failed  duo  to  roufrhness,  I.aboratcry 
t ensi  Ic-st  i-enyt h torts  conducted  'in  sampler,  laken  fr*om  tiie  ’op  .sheet  , ril  s,  and  I'cttcm  sheet  of  tniss-v?*!!' 
landing  mat  re-vcale^d  that  tlie  tensile  rtrenpth  of  the  material  was  within  speeifird  i equi rements . hirUier 
study  and  tcst.in.-.  aia-  rec«''trmend''d  in  order  to  devcloji  a W'af ei'proc^f  v<;Trlon  of  < r«;rs-wob  lar.dirtft  mat,  w).lch 
will,  eliminate  the  requi rerurmt  for  j.i«*tnl.runc  to  be  placed  beneath  Uic  nvit  to  ]*rovent  water  penetration  Iftto 
the  subprade.  Thi.s  water  penctrat  Jon  causes  the  ruV/'rade  ctrenr.th  to  deteriorate. 

KKYWOKDS:  Aluminum  Imiding  mal:s;  l''xtriisions  (Landiiii^’  ninl'.s);  Labor«'itoT7 

tff’.tTfi;  'J'rnffic  tfsts;  [Dow  Cllioinira]  Co . I 


f % if"k  fOUM  < A *^7  0 M«ewAc»*  t>o  ronu  «47».  % van  #4.  nmicm  i* 

liU  fMOV«4l4/;i  0.40L.T.  rCN  *NMV  U.a.  iJnc  1 MSS  1 f i od 


L 


JOCl!i-.£NT  CC.IT.'-OL  tJAlA  ■ ft  t 0 

(S^rurlfy  1 1»\*  • Uf  Btlon  tooy  t't  o if'n.'t  <■••<>'  t t>t  r,9l»ilor%  r.tutt  h tr,t»ted  »h<>n  tht  ovffait  feporr  ff 

I.  ORiCINATtKC  4CTIVITV  (Cvtpotaf  •wf/tO'J  2*.  Nt  POM  1 St.CuMlTV  CLA»SIPtCA  TION 

M.  S.  Army  Engineer  Waterways  Experiment  Station  Unclnssi f led 

Vicksburg,  Mississippi  **»•  croup 

J~MEp6’mT  TITtC 

TRIP  TO  I-UKOPEAN  Rt:SEARCH  INSTITUTIONS  RELATIVE  TO  V.'ORK  OF  SOILS  A-ND  PAVEMENTS 
LAbORATORY 

4.  DtsCMiPiive  NOi  LS  {Typ«  of  rapo’l  «/)c'  Ineluaiva 
ft.  AU  TItOMtftI  ir*l  PACitf,  inlilml,  l*»l  nama) 

S.  J.  Johnson 


Ift.  MEPORT  UATE 


December  1972 

[ ca.  oontm'act  or  CMANT  NO. 


|7a.  TOTAW  no.  op  PACtft  |7ft.  NO.  OP  RCPft 


|»A.  ONICIf<ATOM*a  KSPORT  NUMl*kRtS) 


I 16.  OtSTKiDUl  STATEHCNT 


Miscellaneous  Paper  --  Unnumbered 


I»6.  OThCR  MLPOMt  (Any  othat  r.ta.bata  that  s.ny  to  raaignaa 

thla  tappft) 


Approved  for  public  release;  distribution  unlimited. 


Research  institutes  visited  were:  University  of  Durham,  Durham,  England;  Norwegian 

Geotechnical  Institute,  Oslo,  Norway;  Swedish  Geotechnical  Institute,  Stockholm, 
Sweden;  Danish  Geotechnical  Institute,  Copenhagen,  Denmark;  University  of  Cambridge, 
Cambridge,  England;  Engineering  Geology  Division,  Imperial  College  of  Science  & 
Technology,  London,  England;  Soil  Mechanics  Laboratories,  Imperial  College  of  Science 
& Technology,  London,  England;  U.  S.  Army  Research  i Development  Group,  European 
Research  Office,  London,  England;  and  National  Civil  Engineering  Laboratory,  Lisbon, 
Portugal. 


KEYWORDS:  Bituminous  laboratories;  Soil  mechanics  laboratories 


DD  I r>a  *4.  *.MiCN  *• 


Uacl«u>stf  icd 

S*curit>‘  CI«»it(ication 


1 


374 


UOCU'M  Mf  COUfliOl.  DATA  • II  f.  D 

« Im*  «f((>  -fjon  t'f  llfl*.  r>r  r <»n.'  * »*i«to -h  n t m V • »•»  -wi  I*  r «.I| 

I.  OiiieirtAiirtii  Ai.l<vii»  (Co((>or«{»  «uc.^or^ 

1).  S.  Avi..y  Kn^'inoer  V’<>t.crways  Kxpcr imc;nl  Station 
Vickr>I)urf;,  Mlfis  if^sippi 


lil-l'OKT  1 1 • U 1. 

STIlKKGTlltNJNC;  OF  ia-.yi.O  LOA'OirillJJNAL  CONSIKL'CTION  JOINTS  li;  lUGll)  PAVIJ-iL.NTS 


4.  UCSCMI^TlVl'  NOTO  (iyt’*  **t  4.1  J c'«(r«J 

Final  I-v-purt Apri3  197J  - May  19/  ' 

».  Au'ioloNlSi  I4«t  It*.i 

Robert  W.  Giau 


«.  I<C  MOH  T OA  k. 

Aup,u£it  2 972  


• a.  € C>N  1 H AC  T OR  & R « N T NO. 

FAA  Inter-Ap.uncy  Asreetnenf  lio,  DOT  FA72WA1- 
b.  PnOJLC  T no.  218 

Al’Vn>  Air  Force  Project  Order  No.  F29601- 
«•  71-X-0007 


10.  OISTFUbOTlON  »TA7CMCNT 


04.  OniwJNATOA'*  r<LrC*'.  « KUl.'Uf.HO) 

MiGcellaneous  Paper  S-72-A3 


Approved  for  public  release 


la.  »PON*Or«ltVC  ACTIVITY 

Federal  Aviation  /V’ninistrai ion 
Systems  Researcli  and  Development  Service 
Washiii£;ton,  1).  C.  20391 


Air  Force  Weapons  l.ar»orni<‘ry 
Kirkland  Air  Force  ba.se 
/ Albuquerque,  New  Mexico  87317 

The  rif^ld  pavement  test  section  was  cojisDucled  of  portland  cement  concrete  O'CC)  and 
trafficked  with  a 360-kip  12-wl»cel  assembly  and  a 106-kip  twin-landen  assembly  to 
evaluate  the  performance  of  ki*yed  and  doweled  J otjp.j  t ud  inal  const  ruction  joints  in 
rigid  airfield  pavement  under  multiple-wheel  heavy  gear  l(>adings  (MWUCh)  and  to  inves- 
tigate. the  feasibility  of  strengthening  existing  keyed  longitudinal  jointJj.  The  find- 
ings from  tins  invcstlgatinn  are  ns  fc>llow.s:  (1)  The.  performance  of  keyed  joints  of 

rigid  pavements  on  medium-strength  (k  200  - 400  pci)  found. «tiom;  was  i.arginal;  (2)  it 
is  feasible  to  strengthen  the  keyed  joints  in  exi.sting,  rigid  pavemenlr.  Lh-ii  are  founded 
on  low**  to  ciediun’-‘itr(*ngt  li  (k  < <V00  pci)  materials  and  aii.-  in  good  condition  if  the 
airfield  i.s  scheduled  for  Ml-.’h'GX  aircraft  traffic;  (3)  keyi’d  longitudinal  construction 
joints  in  existing  rigid  pavements  eon.sirucLcd  on  higii~5;rrcngth  (k  > 400  pci)  or  sta- 
bilized soil  foundations  will  probably  perftirm  satisfactorily  under  ^iWlUh^  aircraft 
traffic;  (4)  a sand-filter  course  bcnieatli  a pavement  structure  will  be  effective  in 
minimizing  f.nbgradc  pumping;  (3)  a 6-in. -thick  stabilized  base  course  placovl  over  a 
low -.St ) engt )»  (k  < 200  pci)  subgrad**  is  very  effective  in  increasing  ti'.c  load-cariying 
rapacity  of  a JO-in. -thick  nonreinf orced  I’CC  pavement;  and  (6)  dow<.tled  longitudinal 
construction  Joints  In  rigid  pavements  constructed!  on  low-,  medium,  and  high-sl rength 
subgradcs  (k  < 200  to  > 400  pci)  performed  satisfactorily  under  ^g^HGb  traffic. 

KKYWOltDS:  Construction  joints;  Multiple  wheel  landing  gear;  Kigid  pavement  perforiranct 

and  evaluation;  Funways;  Traffic  tests 
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ci>.  aVsthact 

} This  report  describes  the  planning  and  construction  of  two  fibrous  reinforced 
I concrete  overlay  test  sections  at  TIA.  The  test  sections  included  and  G-in.-  fr.ici 

1 overlays  located  on  a currently  used  parallel  taxiway  to  one  of  the  primary  II-S  run- 

2 ways.  The  test  sections  were  inspected  after  about  one  month's  traffic,  and  the 

3 condition  of  the  overlays  is  described  herein.  Conclusions  based  on  the  construction 

I of  the  test  section  indicate  that  fibrous  reinforced  concrete  can  be  produced  in  a • V 
I central  mix  plant  and  placed  with  a slip-form  paver.  Procedures  and  equijaient  for 
j bulkhandling  of  the  fibers  will  have  to  be  developed. 


KEYWORDS:  Fiber  reinforced  concrete;  Overlays  (Pavements);  Rigid  pavement 

construction;  [Tampa  International  Airport,  Tampa,  Florida] 
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A r.tudy  vas  made  t.o  detoriifine  t'lc  feasibility  of  urir.^  an  aii'borne  laser  prof il.omctcr 
cy.'-.tcm  to  rapidly  appraise  selected  unprepared  londiny,  sites,  iivnluation  of  terrain 
rou. './.ncsr.  \:''r,  .'.'..sde  in  tcri.is  of  r.icrorcl'ief , slope,  and  oostructions . Laser  profilosi- 
cter  data  were  collected  at  LI  test  areas  fnat  provided  variations  in  siu-facc  Geometry 
vofotation  cover,  and  ot'ner  t.ntursl  and  man-s.adc  fcatvu'es.  'i'iio  iniicrcnt  characteris- 
tics of  tiic  laser  prof i ios.ctcr  sy.-.tcm  and  tlie  extraneous,  noise  present  in  tlio  laser 
proi  iloi'.otcr  output  prevenr-ed  a direct  q'uantitativo  cosiparison  of  t'no  laser  profi- 
los’.etor  outp'ut  and  reference  profiles  oC  t/ic  terrain.  To  overcome  t'nis  difficulty, 
a prcccdiu‘0  v/as  developed  for  inteinu'eti)');;  t)io  laser  profi'Jo;;.etcr  output  to  obtain 
an  int'.'rpreved  terrain  profile  for  comparison  viih  reference  jirofiles.  A total 
of  17  .'-.peeiric  terrain  features  a.t  the  L"'  to;;t  areas,  were  c'nosen  for  analysis,  of  the 
e.ip.-ibil  i t ie.'.  of  tlio  l.as.er  prof  i.lometer  .ays.teiii.  Co:iip.O'is.ons  of  the  dimcn.'ioM.'-.  of  the 
fe.atures,  laons.urcd  on  the  iuter|vroteu  terrain  prof  Lies,  and  rol'oronoe  profiles  .sliwed 
th.at  the  hcl;'ht  of  torr.ain  fcntuivs.  could  he  it;ea.aured  v.'ith  a iiroh.ablo  error  of  in. 
and  a iii.axiKiuni  error  of  .approximately  L'  in.  Tlie  ability  of  the  laser  profilometer 
system  to  rie.a.uire  terrain  slope  was  evaluated  by  coir.par iny,  ireasuremonts  of  the  chnnGC 
in  elevation  over  a pf8-ft  interval  as  obtained  on  laser  profilometer  outputs  and 
photO;',rii;rji,etric  reference  profiles.  Tno  laser  profilometer  .system  did  not  accurately 
mciiaxu'c  terrain  slope  in  dii'cctlon  (+  or  •>)  or  r.iaGnitudc . 

Kl'iYVJOlUlS:  Field  tests;  Lasers;  Microgeometry ; Prof ilometers;  Terrain; 

Unsurfaced  runway  performance  and  evaluation 
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Washington,  D.  C. 


The  purpose  of  this  reiiort  is  .to  present  the  results  of  an  inspecticn  performed  at 
Gray  Army  Airfield  (GAAF),  Fort  Lewis,  Washington,  during  October  1971.  The  irspectlrr. 
was  limited  to  general  observations,  and  no  tests  were  conducted  on  any  of  the  pave- 
ment facilities. 
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Tlr  ; nvf.',;tiratj o.T  reported  horeir)  vac  fomiuctoi  io  (nl  • dv; -iro  the  j.crforr.ar-.ce  of  bitut’iinour-rtabilir.ed 

and  .-\ibbrirc  r"t".erials  with  thTl  cf  uaboun  i rrarvilur  r:'itori*-< ! 2 a;-,  nrc-fl  in  t;u-  ori/;ii.a]  niultinle-vlioi'l  •> 
h>-  . t^ear  Toad  (M.-.'fJL.)  tert  .nectioi  and  fh'  doterrii.c  tho  .ii  rft‘re?:Cf/  In  1 erfoi-;;.''r.i*e  l,cl\;cen  a hlrh  qualii;.* 

bi ; j ;..ir'.ou:.  hunc  cor-wiU"' •‘tcvl  of  cranhed  art'.i'cLatc  n?;.l  a Mta  .!.’:oa.:  « -ijc  curr-ti-u ?t od  o’’  n la;er  rj-lft.v  nn- 
craraf  1 :-'-tcrJiU.  A tent  rectio::  v.ps  constrU'-ted  within  the  c::i  in,*  t.ecl  st'^tion  nt  the  U.  H. 

’..btor-.w'iys  Kxpciirent  Stnlinn  (Va'i-l),  uti*li  'nr  lh»  cxistitif.  t.C-C’BK  clay  anh.-iniio.  *nie  te.nt  soc- 
'•oa  oci  of  four  tcjl  itoir..^.  Iteins  1 oni  ? v;en’  constructed  to  u UiLchncss  of  Vi  in.,  end  itcr.n  ? 

and  h to  a tutal  thickno.ss  of  2t  in.  In  item  I,  tl.-'  pra’afLar  bar.c  atv.l  r.,ibba.?c  used  in  Ih''  original  eon- 

.'jtiijjtio.’j  were  replaced  by  a l»itu;'.ino\iS"Ctabili  zed  ba.~e  corir-truotcd  of  the  uucrusinud  f ra\  eT  ly-san.d  r.\.bbarc 
r-atfrial  ».-je.i  in  t'ni-  original  U.nt  section.  C(;r.er)t  fill<r  of  ( ,')  pcrccr.t  war.  nre.l  with  th.p  afjeria.ato 

to  jjinrovi'*  the  f.ralai.lcn,  Ttc-n  0 vnr  ident1c'’l  v:i  th  iLcn  1,  except  fcT*  the  b'l.’-w-,  vliicii  war.  con- 

.rt.rj-^tod  of  a hiidi  .[U'VH.y  a.'^phru t ic-  eo.nojTte  eo;:ia1n  1 ny  erurln.-J  3 irv-.^t  orjc.  Tn  ile:.  3.  the  unbound 
cni.rhed-ctDnc  ba.re  ured  in  t>  e M-.'H  tort,  rof.-tjon  vr-a  ro-plaeed  t-y  u ).iyh  quality  a.u-;nV  K. •-concrete  base, 

and  t hr-  ^ravol3 y-rand  .rul'bnrv  iri  t.he  bottoiJi  3b  in.  of  the  struct. uru  wh.s  stabi 3 i -.i  d \/ith  arphnit  rerent. 

]tcin  t wa;;  idctitical  with  iter.i  3»  ^’X-’cpt  that  t.l.c  {•.rave'i3j'  sand  war,  not  rlabi  li  ::e:.  A ! n. -thj  cV.  rurfuee 
3 lyer  of  hiid)  nvnlity  a.rph.nltJe  c'^'v-iv^e  con.rii*'ict  ed  over  all  te.^i  it.oms.  The  t.esl  i tr-r.ir.  wen.*  su3>- 
.tc^'led  to  traffic  wit.*i  a .rin-ulaw-d  C-bA  i-.ain  fCsTr  3f-v;hee3  arre*r.b3y  with  u 3'.'0,00f-13>  rro.rr  loud  and  with  a 
7'-,fXX).]b  r.it.,:le-w3-ec3  afj.ron.bly.  y.e  results  of  tests  showed  Uud  ; the  pcrfO!"..ar.  n:  of  t3,e  bi  t-ir.-.inons- 

t'ouu.l  bane  and  .ruM''i.;e  mtei-ial::  war  S'lporior  to  that  of  si:nilar  1 avc  •.•.etits  conrtru.-U*i  of  nnboJn-3  (-j-amilar 
r.’'f<u-;aj.s  inrcd  in  the  orifit.'^l  !:.vi;h  test  rcA'tion  ct  the  Wf.f,  the  (pjality  of  no’.rci'ate  used  in  U»o 
bit-ininous  tare  cour.rer  had  a rirn  i fJ  eo.nt  olTcct  on  pnver.ont  perfon- ance,  end  tlie  r»'eatort  benefit  from 
bituminous  r.tat'i  11  rat i on  was  in  up.u-ndinr  tiic  quality  of  poor- to-bordi. ri i ne  naterialc. 
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Office,  Chief  of  Engineers,  U.  S.  Army 
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13.  »B5TH»cT  rouds  require  nign-strength  foundation  layers  to  support  ground  vehi- 

cles in  the  theater  of  operations  (TO;.  In  many  instances,  sisable  construction  effort 
and  costs  are  required  in  obtaining  material  and  producing  suitable  roads.  Nev;  road 
building  techniques  are  needed  to  reduce  the  construction  time  and  costs  of  these  roads. 
The  objective  of  this  investigation  v.’as  to  develop  construction  techniques  and  proce- 
dures for  employing  a ’membrane -enveloped  soil  layer  (i-ESL)  as  a base  ooui-se  to  allovr  rapid 
road  construction  in  the  TO.  Construction  techniques  for  encapsulating  in  situ  or  lo- 
cally available  fine-grained  soils  in  waterproof  membranes  were  developed.  A test  road 
was  built  containing  both  MESL  and  conventional-type  base  courses.  Traffic  tests  were 
conducted,  and  constr’uction  requirements  for  MESL  base  coui-ses  were  determined.  A demon- 
stration MESL  road  'was  then  constructed  to  test  the  MESL  concept.  Also,  a test  facility 
for  rapidly  evaluating  membrane  materials  and  other  surfacings  for  military  roads  was 
designed  and  constructed.  Various  surfacing  materials  were  tested  using  this  new 
facility.  The  test  facility  is  a vast  improvement  over  previously  used  methods  for  ap- 
plying traffic.  The  results  of  the  investigation  indicate  that  a fine-grained  soil  can 
be  used  in  MESL  base  course  road  construction  and  can  be  protected  successfully  from 
su/-face  and  subsurface  water  intrusion.  Compaction  of  a full  IS-in.  MESL  of  fine- 
grained soil  to  95  percent  of  CE  12  density  (/ulSilO  T-180  liethod)  is  sufficient  to  sup- 
port traffic  operations  of  a 5-ton,  6x6  military  dump  truck  loaded  to  its  maxirr;uri  weight 
for  highway  travel.  Sheets  of  6-mil-thick  polyethylene  can  he  used  as  the  lower  mem- 
brane for  the  MESL.  Of  the  upper  membranes  tested,  the  asphalt  polypropylene  membrane 
containing  a single  layer  of  product  D performed  the  best.  This  membrane  survived  over 
55,000  coverages  of  traffic  with  no  failures. 


KEYWORDS;  Membrane  enveloped  soil  layer;  Military  roads;  Rapid  road 
construction;  Traffic  tests 
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C-'iA  aii'..:raft  live  flight  supnort  test  opeivation.s  v;ere  conducted  duririi;  tlie  period 
7 Miy  111'-  ich  5 June  1970  to  determine  the  ahihity  of  the  C-'jh  to  operate  fro;ii  un- 
nurfaeed  landlnr,  areas.  The  U.  S.  Army  Fneineer  Uatervay.n  experiment  station  supported 
the  Air  ?07’ce  Vieanon.s  Labos'atoit/,  at  their  I'enucst,  in  ohta.miino;  soil  m.eas.urements  to 

dct'.o'iii '.e  the  effects  of  the  adrei'aft  operations  on  unr.urfaoed  landing  areas.  The  test 

site  located  at  IlaT-pcr  Ii-ake,  California,  near  !-:dKard.s  Air  Force  Base.  The  .surface 
•soil  at  the  test  site  vas  lean  clay.  It  was  found  that:  I>jrin{;  these  tests , the  C-hA 
aircraft  v.'itli  pro.  s lo.ads  of  971,000  .lb  end  min-near  tii-e  pressures  uv  to  ]09  psi  op- 
cj”it,;d  on  lean  cloy  suhf.ra.dc:',  ’.jith  strcnpth.s  of  15  CBR  or  ii'Orc ; liovcver,  the  test;;  did 
not  p.ei-:.;it  ov.aluati  on  of  the  air.vraft  capability  o:i  unsurfaced  soils,  oj"  lo.ver  i;trcni.;th. 

The  mi ’li.mu'.-i  turn'ny  j’adius  rc'iuired  for  the  C-.9A  to  execute  a o^’O-dep  turn  on  a .lean 

clay  .'-ubyTmide  w.'is  about  69  ft.  'ilic  dust  clouds  formed  durinp  aircraft  jjround  opera- 
tlo'i.'  cor.  ‘ituted  visibility  nn'l  maintcna.’ice  problems.  It  i.s  recramendeJ  tint  an 
e\  ■■lU't  ■ on  of  airci’aft  operations  le  conducted  on  a co.ll  with  clnracteri  sti  c.' 

more  lypicil  of  .support-area  airi'Teld.a  th'si  '..;as  tlio  .soil  at  iiarper  haKc.  'Hio  data 
ohtaim-d  fi'om  tide  tc;:t  .should  ilicn  be  suj'plenonted  with  lal  oratory  to.sts,  model  tests, 
and  l.lieorctic'.l  .amlyses. 

KEYWORDS:  Aircraft  landing  arca.s;  Cargo  aircraft;  Clays;  Soil 

strength;  Unsnrfaced  airfields;  Unsiirfaced  runway  perform- 
ance and  evaluation;  [C-5A  aircraft;  Harper  Lake,  Calif.] 


m 473 


Unclnpsi  1’icvi 
Security 


Ik0-A045  025 


liNCLASSIFIE.0 

5of5 

AO 

A0A5025 


army  engineer  waterways  experiment  station  VICKSBURG— etc  F/G  1/5 
A BIBLIOGRAPHY  WITH  ABSTRACTS  OF  U.S.  ARMY  ENGINEER  WATERWAYS  E— ETC(U) 
AUG  77  M P MEYER*  V DALE 

PSTIAC-5-VOL-2-PT-1  NL 


Unclnrrlfiocl 


SiPCunly  Cla  KsificHtion 


DOCUMENT  CONTROL  DATA  ■ R & D 


fS*cufily  tImsaiUcmtion  ot^it0^_^dy^ol_»b»^*»cJ^nd^ind»Mjn4_snnota2^onjnu^t^be_^^ 


ONiotNATiNC  ACTIVITY  fCorporaf*  mulhor) 


U.  S.  Army  Engineer  Waterways  Sjcperi/aent  Station 
Vicksburg,  Miss. 


2«.  RKPONT  teCURITV  CLASSIFICATION 

Unclassified 


3.  REPORT  TITLE 

EVALUATION  OF  GCODYEAF  MEDIUM-DUTY  ALUMTIiUM  JOriBVOOME  MfroiNG  MAT 


4.  OesCHiPTivC  NOTES  (TVp*  of  rmport  and  fnc/uaira  dareO 

Final  Report 


B.  Au ThORISi  fFirar  name,  middle  initiml.  laafnamaj 

Gordon  L.  Carr 


e REPORT  DATE 

March  1973 


4a.  CONTRACT  OR  GRANT  NO. 


b.  PROJECT  NO.  lG66if717DH01-30 


Ta.  TOTAL  NO.  OF  PAGES 

hi 


lb.  NO.  OF  REFS 

9 


».  ORIGINATOR'S  REPORT  NUATBERtS} 


Miscellaneous  Paper  S-73-8 


Sb.  OTHER  REPORT  NO(S)  (Any  otf»«t  numb*t»  tfiaf  oiay  ba  aaaf^ad 
iMa  ttpott) 


AD  T58  hkk 


10.  DISTRIBUTION  STATEMENT 

Approved  for  public  release;  distribution  unlimited. 


II.  SUPPL  EMCNTaRV  NOTES 


12.  SPONSORING  MILITARY  ACTIVITY 


U.  S.  Army  Materiel  Command 
Washington,  D.  C. 


13.  ABSTRACT 


This  report  describes  an  investigation  to  evaluate  a medium-duty  aroi.'iinu.ti  honeyco.mb-corc  landing  mat  dcsifned! 


and  fabricated  by  Goodyear  Aerospace  Coi^poraticn,  Akron,  Ohio,  as  a result  of  the  Government  request  for  pro- 


posal dated  6 May  1968.  The  mediu.m-duty  mat  was  ^ sandwich- tyiie  structure  with  a honeycomb  core  bonded  by  ar 
epoxy  fllji  p.:rr.-=-sive  to  aluirdnam  tep  and  bottom  skint.  Extruded  aluminum  edge  connectors  were  als*  ronded 
with  a similar  adV.esive  to  the  top  and  bottc.m  skins  and  to  the  core.  Individual  panels  were  joined  along  two| 
edges  with  a hinge-tj*pe  connection  and  along  the  adjacent  two  edges  by  overlap-/ur.derlap-typc  connections 
that  were  locked  together  by  insertion  of  a connector  tar.  The  panel  dimensions,  weight,  and  placing  rate 
were  4 ft  by  U ft  by  1.5  in.,  67. 5 lb,  and  470  square  feet  per  .man-hour,  respectively.  The  weight  ter  squar 
foot  of  placing  area  was  4.1  lb.  Traffic  and  skid  tests  were  conducted  to  obtain  information  for  evaluating 
the  service  life  and  performance  of  the  medium-duty  mat  as  specified  by  project  requirements.  Laboratory 
tests  were  performed  to  determine  the  mechanical  properties  of  the  mat  panels  and  their  cortipenent  parts,  and 
results  indicated  that  the  materials  in  the  mat  met  the  specified  requirements.  The  traffic  tests  wore  con- 
ducted with  a rolling  wheel  load,  si.mulatlng  aircraft  operations  on  mat  placed  on  a prepared  subgraie.  The 
tests  were  conducted  using  a single-wheel  load  of  25,000  lb  with  a tire-inflation  pressure  of  250  psi  on  a 
mat-surfaced  subgrade  with  a rated  CBR  of  3»Q.  The  Goodyear  medium-duty  mat  sustained  622  coverages  of  traf-| 
fic  under  the  above-stated  conditions,  which  is  equivalent  to  89O  coverages  on  a 4.0-CBR  subgrade;  tnus,  the 
mat  failed  to  meet  current  requirements  of  1000  coverages  on  a 4.0-CBR  subgrade.  The  medium-duty  rAt  sus- 
tained almost  twice  as  many  coverages  as  a previously  tested  Goodyear  all-bonded  mat.  Failure  of  individual 
panel?  resulted  from  a gradual  depression  of  the  surface  of  the  panels  caused  by  failure  of  the  adhesive  be- 
tween the  cere  and  skins  and  by  overstressing  of  the  adhesive  between  the  edge  coimectors  and  skins.  The  co-] 
efficients  of  friction  obtained  from  dry  and  wet  skid  tests  were  0.57  and  0.45,  respectively. 


KEYWORDS:  Aluminum  landing  mats;  Honecomb  structures;  Traffic  tests; 

[Goodyear  aluminum  mats] 
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Tt’.e  invcfrti^at.Un  reported  hrreSri  vas  cciiduc^cd  to  evaluate  on  ut.imv’.  allv*y  ^anJiii.  rat  (d-tz*,;nate-.‘ 
yjCl8-K.  dcr.i?3:u-d  a;\i  cxt'-adol  by  the  Lov:  C:.e::.lcal  Cc  I-'iill  and . Michitjrn.  I..e  r.at , vnit-;.  vixs 

cv.tcd  by  L'C-v;'.s  r.uLcontractci’ , Wrar ju",tc:i  Mur.inu:'.  Co:.}  - -.y  (V.’.ACC  , nntcrprj,fc.  Ala..  :c  a t-  -’'it,  fojr- 
picce,  f.'dfl-TG  a'*n'.ip.'x.  alloy  panel,  ('j’he  panel  consis.el  cf  fovu-  l/'-iji.-viic  < •;<*  ru -if-nr'  veldcd  to  *cthcr 

tc.  Coi  trie  !t>fo  v/idth.  J Tne  panels  V'hrn  placed  are  Joined  nlcni:  tv;o  cd.  er.  by  intc’-dccKiny,  '-.ale  ht.i  fcr.aJ* 

hin,;.o-t;>7'e  connectors , v.t.icii  are  inief.ral  }’arLs  op  the  lasic  pjtr.el  e.xtro,' i*  n,  T.ic  aljac'^r«t  e Lnrc  censiot 
oi”  extruded  alar.inu-  overd'ii)  an-i  imderOap  co;mcvUrc  tr:.i  are  velded  to  t.-u;  larit  }:eiol.  A dc'-kliif.  bar 
EOcm’ot,  tnese  connfe'M.ors  f.Cter  indlvuiual  panels  have  Ivcn  JU'Sted.  Tfiir  iti ,er.tiuat  i<  u conristei  cf  trafj'ic 
tests  Ui  t'valeutc  the  rcT-vico  lii'e  ol‘  the  I»ov/  ;-C\i8-K  rnt  atra’nst  the  eriteria  rjecifici  in  fu*-  bf.}  artnent 
ol*  the  Ar..j  (7A)  approved  (lualltati  vc  !vutcriel  rc.'.c'rit  (W*'H)  Tor  1 refnbrica*  ed  Airfield  T :!-fac;r,:a’ 

dat'-d  .1‘*  A}’’il  19C('»  'i’liC  traCrjc  tests  vere  conducted  a roliJniT;  wheel  loud  that  sa::uli»t*d  aL.-'craft 

0}Tcratj on.;  on  : nt  place.i  ou  a }'rcj  aro:l  sul.t^rnde.  Tne  te.5tr  vc**e  ccnluclcd  v.’tr.  a;i  ! “ tC’  tir..  lealel  to 
3b  vitn  the  tii-e  iuj'latC'l  to  .'b->-pfI  } ressure  ci.  a i'urr*u.ed  Mib^^iudL  vitii  a ratoil  Ci)A  c:‘  3»G 
for  Hen  1 iruit  orient  fd  with  its  intc’-iial  ribs  } erpon  1 i >ni  lar  to  the  i1ireetic«5i  of  trcITic'  and  a 

rated  Cb;<  of  U.O  for  itoT.  P (J-KJb-K  rr.ut  with  its  iutor:.r-.l  1 Ws  parallel  to  traflic},  Tlte  'tLlb-K  -'.at  sas- 

tainc-l  ^i^»0  coverages  or;  item  1 uni  CvJVcrajp’S  or;  ito:  1 , which  it;  cci'it v.lenl  to  710  rove  "i/.cr  for  item  1 

and  eeveracca  for  ite’ti  P on  a U.D-CH:-:  subpialo,  Tr.e.3e  c'Overap.ea  exc»:c-i  ’he  i.^’dt  r-ervico  life  of  J-OO 
coversfcs  c>n  a A.O-Ci'.t  r.uljf.radc.  'idle  service  life  of  the  MX-iy-L  r.at  j lac-.M  with  the  Internal  l ibc  parallel 
to  tralTic  was  only  bj.7  c.f  the  life  oJ“  the  rat  with  t.he  inteinal  rU;.;  pO!’}‘Cn.li cular  to  traffic, 

i.ie  rat  can  he  placed  on  a flat  cubt^radc  at  a rate  of  . o3  ft  i»c!  r-.an-houi’,  which  exceed:;  tfie  r.ir.isium 
re.jnint'*!  of  *'90  sq  ft  per  wan  hour. 
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Office,  Chief  of  Engineers 
U . S . Army 
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The  purpose,  of  this  report  is  to  present  the  results  of  an  inspection  performed  at 
' 'Biggs  Army  Airfield  (BAAF),  Fort  Bliss,  Texas,  during  January  1972.  The  inspection 
was  limited  to  visual  observations , and  no  tests  were  conducted  on  any  of  the  pave- 
ment' facilities. 
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»r  SPONSORING  MILITARY  ACTIVITY 

U.  S.  Army  Materiel  Comxai.d 
Wnsliington , D.  C. 


Tuis  report  der-’fibes  an  in  vest!  gat  i on  conductc-d  to  evaluate  the  IKI9  aluj-.ir.’i.T.  honeycom.b-core  landing  r 't 
with  mndjfied  : -Ic  and  female  hinge-type  connectors.  The  MX19  iril , designed  tkUd  fabricated  by  Kaicci' 
Aluminum  and  Ciiomlcal  Sales»  Inc.,  OriXlnnd,  Calif.,  war>  a saudwi ch-typo  structure  cempoi^ed  of  an  aluminum 
honeycomb  core  bonded  by  tui  adhesive  to  top  and  bottom  aluminuii:  sheets.  The  extruded  aluj.Tinun  edge  connec- 
torn\vre  welded  to  the  sheets  and  bonded  with  adhesive  to  the  core.  The  panels  were  joined  along  two 
edges  by  a liinge-l.y]jc  inalc/fenulc  connection.  The  adjacent  edges  were  joined  V.y  aa  ovcrlap/undei-ap  con- 
nection recureti  by  a locking  b.^r.  In  previous  engineer  design  tests  cf  MX19  mat,  although  re.^-ulta  in- 
dicated that  the  net  exceeded  by  175  percent  the  Qualitative  Materiel  Requirement  (QMR)  service  life  of 
?o0  covifrag.ee,  n fairly  consistent  failure  mode  war  established  along,  the  female  connector.  Field  per- 
fonrrincer,  in  Vietnam  indicated  that  a longer  service  life  would  le  i-oquirt.-d  th:m  that  specified  ly  th<  QT-iK 
nnd  that  sustain'd  by  the  MX19  rAt . Fince  the  q;.*J\  whs  soon  to  be  revised  to  require  a service  life  of 
1000  coverages,  the  manufacturer's  dcsip^n  efforts  v.^re  directed  toward  extending  the  senice  life  of  the 
l*iXl9  mat.  Subsequently,  modi  ficationa  were  made  in  loth  UiC  male  and  the  fer.alc  croMiectors . The  1X19  mat 
with  mc-di  f icatiousi  in  both  connecto’s  war.:  deiri  gnnf  ( d ttXi9-H,  fuid  t’ip  mat  with  iiodi  fientions  in  only  the 
frrrJc  ccrmoetor  was  decign.^ted  .MXiy-C.  'i’ni-J  inviut i gat i on  consisted  cf  traffic  P.nd  skid  tests  to  obtain 
iiifonr.ation  on  Ui«*  t.-f fectivencss  of  the  modifieJ  connectors  in  oxter. Jii.p.  the  service  life  of  the  mate  and 
on  the  rkid-rcsistcujco  and  tire-venr  charactei'i st  icc  of  the  r.,at  .‘.url'accs,  respectively.  The  traffic  tests 
were  ci>nducted  on  u test  section  with  rated  CRH's  of  'i . 3 and  for  thu  frX39-B  n.a>i  M.X19-C,  respectively, 
using  n 000-lb  single-wheel  load  with  a tire-inflntioii  pressure  of  FhO  p:?i.  Pecults  of  the  inveotign- 
tion  indicated  that  the  MX19-R  wo'-dd  nuatiiin  750  coverages  luul  the  MX19-C,  in  excess  cf  CO^O  coverages  on 
a 1».0-CHH  avibgrtik*.  Thu:; , the  service  life  of  tlie  M.X19-C  mat  should  exceed  by  10  timo.a  that  of  the  QI'IH 
(cOO  coverage:  ) arul  by  apprexinately  1*  times  that  of  the  M.\19  mat  (!>50  coverages).  The  coefficients  of 
friction  of  the  mat  surfaces  during  dry  anJ  w«‘t  conUiti<*ns  wore  0,  wi.l  O.P?,  respectively.  These  c»Teffi- 
cientr.  of  friction  were  lower  than  those  dctennlned  for  the  M>;i9  mat  in  a ju'eviour.  investigation  >c*d  did 
not  meet  the  I'crfonnance  sneci I'ication  <'f  a O.^O  to  0.(k)  rjuige  for  cocfficlentP  of  friction  on  both  dry 
nji<I  wet  r.urfnoes. 
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II.  .PONSOniHC  MILITARY  ACTIVITY 

Office, . Chief  of  Hneineers 
U.  S.  Army 
Washington;  D.  C. 


The  purpose  of  this  report  is  to  present  the  results  of  a condition  survey  performea 
at  Ellsvorth  Air  Force  Base  (EAFB),  South  Dakota,  during  6-9  April  1972.  The  following 
three  major  areas  of  interest  were  considered  in  this  condition  survey;  (a)  The 
structural  condition  of  the  primary  airfield  pavements.  (b)  The  condition  of  pavement 
repairs  and  the  types  of  maintenance  materials  that  have  been  used  at  this  airfield. 

(c)  Any  detrimental  effects  of  frost  to  the  pavement  facilities.  This  report  is  limited 
to  a presentation  of  visual  observations  of  the  pavement  conditions,  discussion  of 
these  observations,  and  pertinent  remarks  with  regaj'd  to  the  performance  of  the  pave- 
ments. No  pliysicta  tests  of  pavements,  foundations,  or  patching  materials  were  per- 
formed during  this  survey.  The  ^nual  pavement  maintenance  plan  for  EAFB  is  presented 
in  Appendix  A. 


KEYWORDS:  Flexible  pavement  performance  and  evaluation  (Airfields):  Rigid  pavement 

performance  and  evaluation  (Airfields);  [Ellsworth  Air  Force  Base,  South 
Dakota] 
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I The  }rjrpo.:;e  of  tliis  report  is  .to  i‘)rcsent  the  results  of  a condition  survey  pcrfonriod 
I at  V.’urtsnith  Air  Force  Bose  (WAKiJ},  Michigan,  durinr;  1-5  May  197^.  The  follovinr 
three  major  areas  of  interoct  were  considered  in  this  condition  survey:  (a)  The 

Btru^tui'a!  condition  of  the  primary  airfieid  pavements.  (b)  The  condition  of  pavement 
repairs  and  the  typos  of  maintenance  materials  thn.t  have  been  used  at  this  airfield. 

(c)  Any  detrimental  effects  of  frost  to  the  pavement  facilities.  This  report  is  limited 
to  a presentation  of  visual  observations  of  the  pavement  conditions,  discussion  of  these 
observations,  and  pertinent  renarks  with  re£^ard  to  the  performance  of  the  pavements. 

Ko  piiysictil  tests  of  the  pavements,  foundations,  or  patching  materials  were  performed 
durinp,  this  survey.  Appendix  A to  this  report  presents  the  annual  pavement  maintenance 
plt.n  for  V.'AFB. 
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• I.  SUPPkCMCNT  AftV  NOTE*  <*•  SPONJOftlHO  MlUiTARV  ACTIVITY 

Office,  Chief  of  Engineers 

U.  S.  Army 

Washington,  D.  C.  20314 

it.  aostnaC  t 

The  purpose  of  this  report  is  to  present  the  results  of  a condition  survey  performed 
at  Altus  Air  Force  Base  (AAFB),  Oklahoma,  during  14-17  May  1972.  The  following  three 
major  areas  of  interest  were  considered  in  this  condition  survey:  (a)  The  structural 

condition  of  the  primary  airfield  pavements.  (b)  The  condition  of  pavement  repairs 
and  the  types  of  maintenance  materials  that  have  been  used  at  this  airfield,  (c)  Any 
detrimental  effects  of  frost  to  the  pavement  facilities.  This  report  is  limited  to  a 
presentation  of  visual  observations  of  the  pavement  conditions,  discussion  of  these 
observations,  and  pertinent  remarks  with  regard  to  the  performance  of  the  pavements. 
No  physical  tests  of  the  pavements,  foundations,  or  patching  materials  were  performed 
during  this  survey. 
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poce  of  till,  ret^ort  is  to  present  the  resulus  of  a condition  survey  perfornod 
. Savyer  Air  J'orce  Base  {KJSAKB),  Kichican , durin{;  April  1912.  The 

nc  three  ma;jor  areas  of  interest  were  considered  in  this  condition  survey: 
structural  condition  of  t).e  prinary  airfield  pavercents.  (b)  The  condition  of 
t rei<airs  aiul  the  tyjes  of  maintenance  r.saterihlG  t.ba^  have  been  used  at  this 
d.  (c)  Any  delricicntal  effects  of  frost  to  tlic  pavement  facilities.  Iris  re- 
linited  to  a presentation  of  visual  ovservations  of  the  pavement  c^.'nditicns , 
ion  of  these  obsei'vat i ons , and  pertinent  rcinarhs  with  regard  to  the  )'-or:-o)Tuancc 
p'lv  (•■merits. 
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IS.  SPONSORINC  micitart  activity 

Office,  Chief  of  Engineers 
U . S . Army 
Washington,  D-  C. 


The  purpose  of  the  report  is  to  present  the  results  of  an  inspection  perfcrr.ei  at 
Cray  Army  Airfi<=ld  (KGAAP),  Fort  Hood,  Texas,  during  January  1972.  The  inspecticr 
limited  to  visual  observations,  and  no  tests  were  conducted  on  any  of  the  pavcr.cnt 
faciiities. 
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Office,  Chief  of  Rr-.;,incers 
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4 Tht;  purpose  of  tliis  report  is  to  present  the  results  of  a condiU  n survey  perf c r.r.ed 
3 at  Beale  Air  J’orcc  Base  (BAP3) California,  durinc^  U-T  I.'overjlcr  19T2.  The  follcvint: 

^ Lvo  iKiJor  areas  of  interest  v;ere  considered  in  this  condition  svirvey.  (a)  Tae  s '-r-icturr-i 
J condition  of  the  prJrr.ai'y  airfield  pavenents . (b)  The  condition  of  pavement  repairs  and 

5 t)ie  types  of  maintenance  materials  tdif-t  iiS-vc  been  uscU  at  this  aii'ficid.  This  rej;OJ’t 

2 is  iimited  to  a presentation  of  visual  observations  of  the  pavemen.-  conditionr  , aiscur.sic 
•**  of  thoiJc  observations,  and  pertinent  remarks  vith  ref.ard  to  tlie  j'crl'ormancc  of  the  pave- 
ments. No  physicJLl  tests  oT  pavements,  fouridations , or  patching  materials  wre  performea 
during  this  survey. 
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The  purpose  of  this  report  is. to  present  the  results  of  a condition  survey  performed  at 
Castle  Air  Force  Base  (CAFB),  California,  durinc  8-10  Koveaher  1972.  The  follo-'ing  tvo 
, major  areas  of  interest  vere  considered  in  this  condition  survey:  (a)  The  structural 

i condition  of  the  priaai’y  airfield  pavements.  (b)  The  condition  of  pavement  repairs  and 
j the  types  of  maintenance  materials  that  have  been  used  at  this  airfield.  This  report 
I is  limited  to  a presentation  of  visual  observations , discussion  of  these  observations, 
and  pertinent  remarks  with  regard  to  the  performance  of  the  pavements.  '!o  physical  test: 
of  pavements,  foundations,  or  patching  materials  were  performed  during  this  survey. 
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The  purpose  of  this  report  is.  to  prcsciit  the  results  of  a condition  survey  perforned  c 
'Malmstrom  A^'r  loj-co  Base  (y.Ar'B),  Montana,  durin.i;  April  1972.  The  follo*.:ii<£;  thre 

fwa^or  areas  of  interest  vere  considered  in  this  condition  survey:  (a)  T.he  structural 

conditif’ii  of  the  prinury  airfield  pavements.  (b)  The  condition  of  pavc:r.ent  repairs  an 
the  types  of  naintenance  materials  that  ).ave  been  uf.ed  at  this  airfield.  (c)  .Any  detr 
mental  effects  of  frost  to  the  pavement  facilities.  This  rc}iort  is  limited  to  a prc.-': 
tatioii  of  visual  observations  of  the  pavc.vicnt  conditions , 'discussion  of  th*'*Ge  obsojvu- 
t^ons,  and  pertinent  remarks  with  rep.ard  to  the  performance  of  tlio  pavements.  IJo 
p)jyr>ical  test.s  of  the  i^avcmcnt s , foundations,  or  patching  materials  were  perfonr.cd 
durijig  this  survey. 
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The  purpose  of  this  report  is.  to  present  the  results  of  a condition  survey  performed  at 
Minot  Air  Force  Base  (MAFB),  Ilorth  Dakota,  during  11-15  April  1972.  The  folloving  tr.ree 
major  areas  of  interest  were  considered  in  this  condition  survey:  (a)  The  structural 

condition  of  the  prir.ary  airfield  pave:-ents.  (b)  The  condition  of  pavement  repairs  ar.a 
the  types  of  maintenance  materials  that  have  been  used  at  this  airfield,  (c)  Any 
detrimental  effects  of  frost  action  to  the  pavement  facilities.  This  report  is  limited 
to  a -presentation  of  visual  observations  of  the  pavement  conditions,  discussion  of  tnesc 
observations,  and  pertinent  remarks  with  regard  to  the  performance  of  the  pavements. 

No  physical  tests  of  the  pavement.?,  foundations,  or  patching  materials  were  performed 
during  this  survey. 


KEYWORDS:  Flexible  pavement  performance  and  evaluation  (Airfields);  Rigid  pavement 

performance  and  evaluation  (Airfields);  [Minot  Air  Force  Base,  North 
Dakota] 
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Office,  Chief  of  Engineers,  U.  S.  /iriry 
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Tae  iiives Ligation  reported  hei'ein  was  conducted  to  evaluate  tl  r-  c-f fee  . ivener.s  of  stabi- 
JJzed  structara]  layers  (lire-  and  ceiiient-r.t abil ised  layers)  in  ])avcnont  j.'cr forrarjico 
and  to  determine  the  coraparative  performance  Vir-tvrecn  a full-dci’th  lii  gii-qinl  i i.y  crushed 
stone  and  tiio  stabilised  layers  duilng  simulated  aircraft  ti-affic.  'Jiie  cunj  arativi.; 

;wr fornia’ice  between  the  stabilized  layers  and  siiiiilar  I'civemeiits  consisting  of  u;ibomid 
gr.'incLlar  base  .'iid  subbase  materials  previously  tested  in  tl.e  Muitiple  Wiieel  Heavy  Gear 
Load  (MiHGIi)  test  section  war  also  determinod.  A test  section  was  con.slructed  wHliin 
two  items  of  the  existing  Mi-.'HGL  test  section  at  the  U.  C.  Aj-my  Engineer  Waterways  Ex- 
periment Station  in  order  to  utilize  the  exist, ing  ll-CBI!  clay  subgradc.  The  test  sec- 
tion consisted  of  four  ?L-i n. -tin' c>.  items.  Tne  strnctui'al  layers  above  the  subgrad-e 
for  the  renp.cctive  items  w.c-e:  item  1,  a IS-in. -thick  1 ime-r. Labi  1 ized  Itun  clay  layer 

ovrJai.x  'with  G in.  of  cj-u.;heti  stone  and  3 in.  of  nr.phaltic  ca.ncrel.e  (AG);  item  ?,  <a 
1 t-i  n.  - til  i ck  ccmcnt-stahili  zej  Joan  clay  layer  overlaid  witli  6 in.  of  crushed  stone  ;uid 
3 in.  of  AC;  item  3,  a 21-in. -thick  cruslied  stone  base  find  3 in.  of  AC;  :uid  item  It,  a 
;>1 -in. -thick  comont-ntabi  li  zed  clayey  grave.lly  stuid  layer  overlaid  with  3 in.  of  AC. 
items  1 and  2 were  trafficked  witli  a 3(>0-kip  12-whccl  fisccmbly,  a l60-kip  tv;i n-tandeiii 
•isremlily,  and  a 5G-kip  ,s in ",1  c -wheel  a.ssemiily;  item;;  3 and  l|  wore  trafficked  with  a 
’O'-'-itip  twin-t-indeiii  assembly  ••.nl  a 75-kip  si ip'.le-v/licel  nssombly.  Mixed  irnlTic 
v.'f.s  apid  led  to  Item  li  v/ith  the  3(i0-kip  12-v.'hoel  tmd  75-kip  sini'le-'.vl;oel  'i.-sembl  ios. 

KEYWORDS:  Crushed  stone;  Evaluation;  Flexible  pavements;  Layered 

systems;  Traffic  tests 
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10.  DISTRIBUTION  STATEMENT 


Distribution  limited  to  U.  S.  Government  agencies  only;  test  and  evaluation;  May 
1973.  Other  requests  for  this  document  must  be  referred  to  the  Office,  Chief  of 
Engineers  (DAEN-MER-D) . 


. SUPPLEMENTARY  NOTES 


OTES 

12-  tPONSORINC  MILITARY  ACTIVITY 

Office,  Chief  of  Engineers,  U.  S.  Army 
Washington,  D.  C. 

This  investigation  was  conducted  to  evaluate  and/or  modify,  if  necessary,  existing 
criteria  for  the  design  of  landing-mat-surfaced  airfields  to  be  subjected  to  opera- 
tions of  the  C-5A  aircraft.  A specially  prepared  test  section  was  constructed  and 
trafficked.  The  test  section  consisted  of  one  test  lane  that  included  four  items: 
two  designed  to  evaluate  strength  requirements  for  landing-mat-surfaced  soil  and  two 
designed  to  evaluate  thickness  requirements  for  landing-mat-surl'aced  soil.  The  test 
items  were  trafficked  with  one  main  gear  of  the  C-5A  aircraft  (l2-wheel  gear  arrange- 
ment) loaded  to  360  kips.  The  analysis  of  the  test  data  obtained  in  this  investiga- 
tion indicated  that  the  existing  criteria  would  have  to  be  modified  for  application 
to  the  design  of  landing-mat-surfaced  airfields  for  use  by  the  C-^A  aircraft. 


CAUTION 

The  design  procedure  and  criteria  developed  in  the  reported  in- 
vestigation are  pertinent  only  to  free-rolling  loads  of  flotation-type 
aircraft  and  thus  apply  to  the  '1''sign  of  facilities  such  as  taxiways, 
aprons,  etc.  The  effects  of  high-speed  braking  operations  of  the  C-5A 
aircraft  on  runways  are  still  under  study.  Until  the  conditions  lead- 
ing to  failure  of  AM2  mat  (similar  to  XMI8  mat)  under  high-speed  brak- 
ing on  landing  roll-out  of  the  C-5A  can  be  defined  and  controlled, 
landing  of  this  aircraft  on  mat  cannot  be  accomimidated  with  certainty. 


KEYWORDS:  Cargo  aircraft;  Landing  mat  design;  Medium  duty  landing 

mat;  Traffic  tests;  [C-5A  aircraft] 
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^ II.  5o^^L.£M£NTAr)Y  NOTbS 
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i 

Office,  Cnief  of  ;l';cinc-crs 

* 

i 

U.  S.  Anny 

1 

V,'oF.hin-Lon,  D.  C.  ?03lli 

The  purpor-o  of  this  report  is  to  present  the  results  of  a condition  sui'vey  perforrsed 
McConnell  Air  Force  Base  (MAFB)>  Kn-nsas,  during  8-12  M,-iy  1972.  The  follov’ins  ^hrec 
nrijor  areas  of  interest  were  considered  in  this  comntion  .survey:  (a)  5’ho  structural 

condition  of  the  primary  airfield  paveiricnts.  (l>)  The  condition  of  pavcciciil  repairs 
and  the  types  of  naintenanec  materials  t/iat  have  becii  used  at  this  airfield.  (c)  Any 
detrimental  ofi'ccto  of  frost  action  to  the  pavement  facilities.  This  report  is  linii.ea 
to  a presentation  of  visual  observations  of  the  pavement  conditions,  di5icu.ssion  of  these 
observations,  and  pertinent  I’cmarks  v;ith  rc£;ard  to  the  performance  of  the  pavements.  No 
physical  tests  of  the  pavements,  founclationr. , or  patchinc  materials  were  perforned  durii.j 
this  siu'vey.  j 


KEYWOUDS:  Rip.Jd  pavement  performance  and  evaluation  (Airfields);  [McConnel  Air  Force 

Ease,  Kansas]  v 
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Washington,  D.  C.  203lU 

. a««tnact 

The  purpose  of  this  report  is  to  present  the  results  of  a condition  survey  perfonr»ca 
at  Kincheloe  Air  Force  Base  (iCAFB),  Michigan,  during  27-29  April  1972.  The  foi loving 
three  major  areas  .of  interest  were  considered  in  this  condition  survey:  (a)  The  .struct* 

Ural  condition  of  the  primary  airfield  pavements.  (b)  The  condition  of  pavement  n^pairs 
and  the  types  of  maintenance  materials  that  have  been  used  at  this  aii'fleld,  (c)  Any 
detrimental  effects  of  frost  to  the  pavement  facilities.  This  report  is  limited  to*a  V 
presentation  of  visual  observations  of  the  pavement  conditions,  discussion  of  those  cc- 
servations,  and  pertinent  remarks  with  regard  to  the  perfonr.ance  of  the  pavemeiitr..  ho 
physical  tests  of  the  pavements,  foundations,  or  patching  materials  were  perfojincd 
during  this  survey. 


KEYWORDS;  Rigid  pavement  performance  and  evaluation  (Airfields);  [Kincheloe  Air  Force 
Base,  Michigan] 
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l The  purp<iSc  of  this  report  is  to  present  t?;o  2*osultn  of  a condition  turvc.v  perforr;cd*  at 
5 Mather  Air  Force  Kasc  (l-'.AFx^,  Califonii'i,  durit.G  31  Oclcber- 3 Navvr.bcr  19VP.  Hjo-  folic 
3 inf,  tvo  ii.c.jor  arcar.  of  interest  were  considered  in  tliis  coiidition  survey:  (a)  7no 

structural  condition  of  the  primary  airfield  paveni<.-nVo . (b)  Condition  of  pr;ve::*ei.t  re- 

pairs and  the  types  of  riaintenancc  in-itorinls  that  have  boi*n  used  at  this  aii'fic-d. 

This  report  is  liit.ited  to  a presentation  of  visual  ohservutions  of  tlio  jcivement  ron- 
ditions,  direussion  of  the  observations , and  pertinent  rc-::irirks  with  rc(;ard  to  the  pc-r- 
fornarK'.e  c-f  the  pavoDvnts.  Uo  physirul  tests  of  the  paveraciil s , foundations,  or  patchin 
material:,  were  performed  during;  tlu's  survey. 
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The  purpose  of  this  report  is  to  present  the  results  of  a condition  survey  pierfonced  at 
Glasgov  Air  Force  Base  (GAFB),  Montana,  during  17-20  April  1972.  The  folloving  three 
major  art  as  of  interest  were  considered  in  this  condition  survey:  (a)  The  structural 

condition  of  the  primary  airfield  pavements.  (b)  The  condition  of  pavement  repairs 
and  the  types  of  maintenance  materials  that  have  beert  used  at  this  airfield.  (c)  Any 
detrimental  effects  of  frost  to  the  pavement  facilities.  This  report  is  limited  to  a 
presentation  of  visual  observations  of  the  paveme.nt  conditions,  discussion  of  these 
observations,  and  pertinent  remarks  with  regard  to  the  performance  of  the  pavements. 

Ho  physical  tests  of  the  pavements,  foundations,  or  patchiLtig  materials  were  performed 
during  this  survey. 
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were  performed  during  this  survey. 
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The  purpose  of  this  report  is, to  present  the  results  of  a condition  survey  perfemea  at 
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the  primary  airfield  pavements.  (b)  The  condition  of  pavement  repairs  and  the  types  of 
maintenance  materials  that  have  been  used  at  this  airfield,  (c)  Any  detrimental  effects 
of  frost  action  to  the  pavement  facilities.  This  report  is  limited  to  a presentation 
of  visual  observations  of  the  pavement  conditions,  discussion  of  those  observations,  and 
pertinent  remarks  with  regard  to  the  performance  of  the  pavements.  No  physical  tests 
Of  the  pavements,  foundations,  or  patching  materials  were  perfonned  during  this  survey. 
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The  purpose  of  this  report  is  to  present  the  results  of  an  inspection  performed  3 
Ft.  Devens  Army  Airfield  (DAAF),  Ft.  Devens,  Massachusetts,  during  August  1972. 
inspection  was  limited  to  visual  observations,  and  no  tests  were  conducted  on  the 
ing  runways  and  taxiways. 


exist-  I 


KEYWORDS:  Flexible  pavement  perfornuince  and  evaluation  (.Airfields);  Overlays 

(Pavements);  [Ft.  Devens  Army  Airfield,  F't.  Devens,  Massachusetts] 


iJiJ  -J /o  'o 


LA'S*  (>0  r im  ft.  » VAN  «A,  mmCH  »* 


Unc.T  ur.sl  fled 


Ulo 


( 


j U.  J'l.  Aniiy  10n.''ii)ccr  Vatcrwiiyu  Ky-rorlijiunt  Stutlo’i 
t Vicl;;;liurc;, 


cccDiviori  riii;vfii',  r.AGur.’A  ixn  AiKrir.t.D,  yi'MA  r;;WTi;j  oncjm^,  akito"a 


4.  fiOTti  (Typ*  t-/  /»por4  —id 


a.  ri«u>«,  ri 

Killip  J.  Vcciro:; 
lirlph  I).  Jt.cl:uon 
S.  j.  Alford 


>«/<»  /nilfaf. 


to.  OtST  ni  l>U  T ION  STA7CmC.N1 


Approved  for  public  release;  distribution  ur.lijidted. 


12.  S»^0n50MIMC  fcMUMAH'^  ACTIVITY 

Office,  Chief  of  rMt:inecrs 

U.  C.  Amy 

V. ’ar.hiiV'toii,  n.  C.  ^31^^ 


The  purpose  of  this  report  i;- .to  pycreiit  the  results  of  en  inspection  porforr.e 
An.'.y  Airfield  (Ia^AF),  Yur.a  }':  vin£;  Groni.n , Arizona,  durir.t~  Decciubc-r  1972.  Tr.e 
iOTi  vas  liiiiited  to- visual  observations,  and  no  tests  were  conducted  on  any  of  ' 
’ment  facilities. 
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Office,  .Chief  of  Engineers 
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The  purpose  of  this  report  is  .to  present  the  results  of  a condition  survey  perfcrr.ed  at  i 
■ liOring  Air  Force  Pase  (LAFB),  Maine,  during  27  July-1  August  1972.  The  follovir.g  three  i 
- major  areas  of  interest  were  considered  in  this  condition  survey:  (a)  The  structural  f 

.'condition  of  th.r  primary  airfield  pavements,  (b)  The  condition  of  pavement  repairs  and  ’ 
..the  types  of  maintenance  materials  that  have  been  used  at  this  airfield,  (c)  Any 
detrimental  effects  of  frost  action  to  the  pavement  facilities.  This  report  is  limited  ; 
to  a presentation  of  visual  observations  of  the  pavement  conditions,  discussion  of  these; 
obpervations , and  pertinent  remarks  with  regard  to  the  performance  of  the  pavements.  No  *, 
• physical  tests  of  the  pavements,  foundations,  or  patching  materials  were  performed  during: 
this  survey.  5 
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"i’hij  purpose*  of  this  rcpoi’t  is  to  presciit  the  i’osuAte  of  a comlition  survey  p£0-fcr.'.''l 
■ In;  rrhutional  Airport  (fcr.7icj-ly  Dow  Air  Force  I-'isc),  Bangor,  Maine,  curii.c 

Ausust  T})C  follovinc  th?-ee  major  arcr.s  of  interest  were  co';  iciertJ  :r.  cev 

ion  survey:  (h)  Tee  .structural  condi^ioii  C'l’  the  prima>'y  airficlu  p'»vemet;ts.  (o)  Tir- 

.cendition  of  pavement  itj.irr-  a;.i  the  ty:-.  r.  of  niuiiite.nance  materials  tr-at  V.avc*  levn 
M this  airfield,  (c)  Ariy  dctrimenlfil  effects  of  frost  action  to  the  paverent  fuci: 
This  report  is  li:;:itcd  to  a p-resentr tioii  of  visual  ohr- rvations  of  the  pavezont  co:.  :5 
discussioji  of  these  ol.sorvations , end  iiortincnt  remarks  with  regal’d  to  the  pe2-fb>v' c 
•the  puve.vjntr. . IJo  physical  tests  of  t):c  pavements,  foundations,  or  patching;  materiitl 
were  )zerfo2.>ed  during;  thir>  survey. 
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■ * 

The  purpose  of  this  report  is  to  present  the  results  of  a condition  survey  perforr.ei  at  | 
tockbourne  Air  Force  Base  (LAFTS),  Ohio,  during  28-50  August  1972.  The  roilcving  three  i 

major  areas  of  interest  were  considered  in  this  condition  survey:  (a)  The  structural 
condition  of  the  primary  airfield  pavements,  (b)  The  condition  of  pavement  repairs  ana 
.the  tyj)es  of  maintenance  materials  that  have  been  used  at  this  airfield.  (c)  Any  detri- 
mental effects  of  frost  action  to  the  pavement  facilities.  This  report  is  limited  to  a 
presentation  of  visual  observations  of  the  pavement  conditions,  discussion  of  the  obser- 
vations, and  pertinent  remarks  with  regard  to  the  performance  of  the  pavements.  No 
physical  tests  of  the  pavements,  foundations,  or  patching  materials  were  performed  during 
this  survey. 
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!T)ic  j.'urpoi'c  of  thir  report  is  to  pre.^^eriL  the  rcr.vilts  of  c.  coiidition  su‘-vcy  p-:r:  t. 

V/rj.£;ht-J’at lorGo.n  Air  Force  Tv'tse  (VIAFP),  Ohio,  duriiir,  31  Au^^ust-^  Scpt'::r.cer 
folJovinf;  Uirce  ir.a.lor  areas  of  interest  \:tre  considered  in  this  condition  survey:  \S./ 

ctructviral  condition  of  the  prinnry  airfield  pavr::ientr. . (t-)  Tl'.e  conlution  ct  paver.oii- 

I repairs,  aii.l  the  types  of  n.aintcnancc  n^atericis  that  haVc  teen  used  at  this  3.:rile*d. 

} (e)  Any  detrimental  effects  of  frost  action  to  Die  i;ave:r.cnt  facilities.  Ir.is  report 
^ } ini  ted  to  a presentation  of  visual  observations  of  the  pavement  conditions,  djscus;ic 
J of  tlioso  ob.~orvations , and  pertinent  JTinarhs  with  record  tc  the  performance  of  ti;e  pav 
S Eonts.  Ho  physical  tests  of  the  pavements,  fout.dations , or  patchinc  materials  veru 
S'  performed  during  this  survey. 
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1)  ABSTRACT 

12.  IPONSORINO  MILIT.dV  ACTIVITY 

Office,  Chief  of  Fr-i^ineers,  U.  3.  /.r.my 
■.'.'ashincton,  D.  C. 

’n  the  development  of  pavement  desi.~n  and  evaluation  criteria  for  aircraft  with 
complex  coar  configurations  (C-5A,  B-7'f7,  etc.i,  it  has  been  revealed  that  current 
procedures  for  relating  aircraft  operations  (passes)  to  pavement  coverares  (stress 
and/or  deflection  repetitions)  are  cuinbersonx?  and  inaccurate.  The  procedure  for 
converting  aircraft  passes  to  pavement  coverages  h.as  been  reexamined  by  developing 
theoretical  normal  traffic  distribution  curves  and  fittini;  those  curves  to  the  limdte.i 
number  of  actual  traffic  distribution  cur\-es  available  for  four  aircraft  (B-liV,  H-52, 
KC-97,  and  KC-I35).  In  this  manner,  more  realistic  pass-to-coverame  (p/c)  ratio.", 
have  been  developed  for  most  currently  used  milit-ary  and  civil  ali'cralt.  The  revised 
p/c  ratios  aj-e  presented  and  are  recoi;men;ei  for  use  in  pavement  desipn  and  evaluation 
criteria.  T!ic  a.mount  of  actual  traffic  .iistriiution  Jaf-'  ic  recOi;ni.".ed  to  be 
an.d  • ■ ' ■ti'.ur  l .!"t-'-  for  new  £~er.erations  of  aircraft  are  neeied  to  verify  or  revise 
the  presenter  p/c  ratios. 
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'ihir.  r>;^rl-  clcncriber  a of  field  i uv'oHtir.at iO'ns  conduotod  to  riotcrmir.e  exhautl- 

i'l'.ist  velocH  i ajvd  ipTin-rralui-c-a  at  Ui.^  i ro'^id  lc/r!l  fo).'  v;:.rious  r.lria’aft  a;',i  the 
■.;jn--lip  vorte-  V'^locit;;  of  tiio  C-t'A.  f-:'-':'.,"uroiiiont3  oi'  exhaust -blast  velocities  aud 
tr.!Si  eratuia-  '■"'■So  durln,.'  .'jta.Lic  condilicirs  v.-cr''  ooliecLod  for  C-loO,  C-lUl  , and  C-^’A 
airci'aft.  Taxi,  iireal-.av.'ay , and  1 ift-off  tests  •.■;Gro  coriducted  with  the  C-l4l  and  C-!1A 
to  record  velocity  diu-in,-  actual  aircraft  opci-at  ions . VMnd  velocity  created  by  tne 
v.’iii2-ti])  vorte.x  of  the  C-!iA.  was  recorded  durino  actual  aircraft,  operations.  Results 
nl'  the.se  tests  indic.atc  th.at  temperature  iivrease.s  frois  enpine  exhaust  blast.'!  are  not 
■safficier.t  to  cause  detruiiental  effects  c.n  ruiiway  surfacin:',  in  use  to  date.  Kaxiruu-'s 
t emrerature  increases  due  to  exlraust  blast  were  l80  do;-,  Fahrenheit  (F)  for  the  C-130, 
yo  dc"  F for  tlie  C-1^1  , and  fi'j  doil  F for  the  C-W.  0]V-rat ions  of  C-l’.'l  and  C-S/i  j/ro- 
ducod  exhaust-blast  velocities  at  the  f.roiuid  surface  of  120  and  135  raph,  respectively. 
Ihese  velocities  arc  sufficieiit  to  jio.s.sibly  cav.se  uplift  of  various  mat  panels  pres- 
ently in  u.se. 
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The  .investigation  reported  herein  was  a preliminary  study  to  evaluate  the  applica- 
bility of  three-dimensional  finite  element  analysis  for  predicting  the  behavior  of 
pavement  systems.  Since  many  pavement  problems  are  not  reducible  to  plane  behavior, 
this  new  analysis  technique  should  provide  a good  basis  for  future  suialysis  of  com- 
plicated pavement  systems.  The  finite  element  computer  program  used  in  this  study 
is  designated  SOIBAP  and  was  originally  developed  to  investigate  the  three- 
dimensional  behavior  of  earth  and  earth-rock  dams.  It  was  used  in  this  study  to 
investigate  the  effect  of  a static  load  application  (similar  to  that  produced  by 
the  C-5A  aircraft)  on  a flexible  pavement  section  that  had  been  previously  field- 
tested  at  the  U.  S.  Arigy  Engineer  Waterways  Experiment  Station.  SOIBAP  considers 
both  nonlinear  stress-strain  behavior  and  nonlinear  volume  characteristics.  De- 
flections measured  in  the  previous  field  study  are  compared  with  those  calculated 
by  program  SOIDAP.  The  agreement  is  quite  good  considering  the  many  idealizations 
and  assumptions  introduced  into  the  three-dunensional  finite  element  analysis. 

These  idealizations  include  the  crudeness  of  the  mesh,  the  choice  of  material 
properties,  and  the  application  of  the  wheel  loads  in  a single  step.  Nevertheless, 
the  results  serve  to  demonstrate  the  feasibility  of  applying  the  three-dimensional 
finite  element  method  to  predict  pavement  behavior. 

KEYWORDS:  Computer  programs;  Finite  element  method;  Flexible  pave- 

ments; Pavement  deflection;  Performance  predictions 
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Thi:j  iiiVOPiif;af i on  van  conducted  to  dCTelop  r'.tructural  reipurewcntr.  (niniiuira  cover 
t.aMcF, ) for  Tiuried  piR"  bencHtii  flex’ ble-  and  r:  p,id-pavoi::ent , lundiiiL’-r.-it-cuj-fa.crd , 
and  uiic-urfaced  airfields  suT'Joct  to  opern.iious  of  the  C-'oA  and  other  aii’eraft  in  tlie 
theater  of  operations.  Prcsfiit  dosif-W  prrictii^e.s  were  i-evicwed,  and  coi.y.utcr  .urogra-'i;, 
haseil  on  the  present  dosii^n  (.i-acticer.  wore  wrilton  and  used  to  predict  )ilp(;  behavior 
uiider  various  ioadincs.  .Ei sr.-at-deptli  data  from  fuil-scalc  load  curt  tests,  fii-Td 
surveys,  and  tests  of  pipe  subjected  to  the  C-AA  and  otiior  ioadinps  were  r-nalyxed, 
and  idle  fioTii  ivTiavior  V7.'.s  cotijiarf’d  with  jaa'diciavi  beliuvior.  MiniiniL’a  id po-covor  re- 
quire rionts  were  d.-'vcO  oped  I’cn'  rif^id  and  flexible;  }Ul-e  beiried  beneatii  airfields  to  lie 
sul'jected  to  ojierations  of  tiie  C-LA  and  oUicr  aireiaft.  'liiose  pipe-cover  I'oquirc- 
r id  s arc  ini  ended  for  use  in  conjunction  wii.h  Depai-Miient  of  tlie  Ai'ry  Wi  ‘^-.130/ 

AFM  fih-L,  Vol  JT,  "I’larinin;-,  and  Dcsic.n  of  lioads,  Aii-bitse.s,  and  Heliports  in  the  Tlic- 
uLor  of  Ojieration.s ,"  but  because  of  their  c>^’''erai  nature,  tlio  cover  rcquirorientn  arc 
upi'licable  to  lull  airfields. 
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Buried  conduits;  Flexllilc  pipes;  Pipe  cover;  Requirement.s 
Traffic  loads 
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’ (Distribution  Limitation  Statement  A) 

The  instrumentation  data  of  the  multiple-wheel  heavy  gear  load  (MWHGL)  tests  were 
reduced  and  analyzed.  By  incorporating  the  performance  of  test  pavements  under 
traffic,  relations  between  load  and  pavement  response  were  established.  A method 
was  developed  to  compute  the  measured  stresses  and  deflections  of  the  test  pave- 
ments; based  on  the  method,  the  stresses  and  deflections  can  be  computed  for  similar 
types  of  airfield  pavements  under  different  loads.  Correlations  were  established 
between  computed  parameters  and  traffic  performance  data  from  the  MWtIGL  test  section 
as'v/ell  as  from  many  other  pavement  tests  conducted  by  the  Corps  of  Engineers. 

Based  on  the  instrumentation  data,  the  principle  of  superposition  was  found  to  be 
valid  for  flexible  pavements.  Attempts  were  made  to  reevaluate  the  equivalent 
single-wheel  loads  for  MUHGLs  by  many  different  methods. 


KEYWORDS:  Aircraft  loads;  Flexible  pavements;  Pavement  deflection;  Stress- 

strain  relations 
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NOTU 


l'.n(-ineor  doEign  teots  were  peri'oniicd  on  a duBt-control  .Eystcir.,  i.e.  rcateria.1  ano  tto- 
totype  emplacpmeiit  criuipi'.nnt , Pro.';!  18  December  .1970  to  ? A'uf'uot  1971.  'i'r.o  )io.-rPc'ma.i',-' 
oP  the  due t-oontrol  materia].  exct'Od&d  Die  criteria  of  tiie  cuiTcntly  oxiEteiit  Qualita- 
tive Materiel  Kequirencrrt . Only  Piinor  defici enci e.a  were  noted  and  these  dePioionricr; 
V'ill  I'o  cofi'.-'cteJ  ly  sjieci  Picatlon  ch;uip;eK  that  vj.il  p.laco  closer  controls  on  .sun- 
S'iicrr.  of  duel -control  materials.  Tlie  liq^uid  disti-ibutor  for  dur-.t  control  desej-ibod 
lioj'ein  j.'ei'fonnod  well  on-road,  off-road,  and  dnrinp  spraying  or:  ratio:', s . Tlici-e  vc-i-c 
no  m.ajor  eq’.iipr.ent  failures,  'fno  minor  deficiencios  that  were  cneounlcivJ  could  bi; 
roo.dily  coj-rccted.  Durinf,  tiic  tcr;t.E,  modi  I'i cation.',!  wei'e  ii.sde  Diet  inproved  vihicle 
opei'ation . De.;it;n  chaiiccs  will  be  requi.i'ed  in  o"der  to  meet  Die  vehicle  wciplit  iv- 
quiromont  and  to  imjirove  Die  m.ainDii  iinliil  i ty  of  Uie  vehicle.  Based  on  the  results  of 
the  tests  rep>i)i'ted  lioi'ciii,  it  is  concluded  t.ii.at  D.e  dust-control  system  is  sui table 
for  enci  ncerind  teEts/expunded  servii-e  tests. 


KEYWORDS:  Construction  equipment;  Design  standards;  Dust  control 
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(Distribution  Limitation  Statement  A) 

In  recent  years  mechanistic  models  have  been  advocated  as  a tool  for  predicting 
the  performance  of  pavement  systems  under  aircraft  traffic.  In  the  investigation 
reported  herein,  layered  elastic  and  nonlinear  finite  clement  models  were  used  to 
determine  the  benefit  of  stabilized  layers  within  a pavement  system.  The  perform- 
ance of  several  types  of  pavement  structures  that  wore  constructed  and  trafficLcd 
under  controlled  conditions  at  the  US  Army  Engineer  Waterways  Experiment  Station 
wore  analyzed  with  respect  to  predicted  response,  measured  response,  and  manifesta- 
tion of  traffic  distress  in  the  pavement  systems.  From  the  analysis,  relationships 
were  developed  between  pavement  life  and  predicted  response  such  that  the  benefit 
of  the  use  of  stabilized  materials  within  a pavement  system  could  be  examined 
based  on  the  influence  v/hich  the  material  would  have  on  the  predicted  life  of 
the  pavement  system. 
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Tiii.a  report  describe.^  a prof;riun  in.atituted  in  :a\  atte:.;pt  to  control  dust  durinc  r.ili- 
tai-y  operations  in  the  CouUieast  Asia  tb.eatcr  of  operations.  Dust  was  reported  to  lie 
.seriously  roduoinc  tlio  life  cxpcct-oncy  of  riacliinory,  inc.reasinc  tlic  tar.'-  required  for 
rcAielinp;  and  other  services,  increasing:  locis'i-jcs  problems,  seriously  lov.'erini’,  Uic 
morale  of  troops,  and  in  some  in.stanccs  providing,  t)ic  onery  v;iU)  uur.t  siisaaturcs  of 
tlic  loeat:ions  of  operations.  Ihe  U.  fi.  Any-  Itnf^t.ncer  WjiIci-v.-.tj'S  rbipcrtimcnt  Static::-. 
coT.-pjled  a list,  of  cssentlel  and  dcsiratile  eli.a’-acteri. sties  for  a dust-control  aLvi'il., 
Olid  these  v;crc  used  as  G"-i deline.s  duriiif;  ttie  i nterv-eninc  period  before  a Qu-oditativ.' 
I'.ateriol  Rctiulrcmcut  for  Dust-Control  Katcricl  wa.s  issued  on  1 Aup.ust  19u(S  (rc-/lsod) 
10  M’.iy  1971.).  A .screening  procedure  \/os  set  up  whereby  a series  of  tests  could 
re  dlly  dctemlne  the  potential  of  a material  c.n  the  basis  of  its  corip.-u-lson  \rith  idl 
others  tested,  tiueccssful  products  were  processed  throxip.h  a laboratory  invc.stir.o1  ion, 
a traffic  test,  a dovniwash  blast  test,  a wcatherinr,  cycle  test,  and  final.ly  a field 
t.est.  Ceven  compcuiio.s  under  dust-control  researcli  contracts  oulimtt.t.ed  approximately 
?9  percent  of  the  matcri.'do  tested.  Approxlnvately  Ii6  jierccnt  of  tlic  materials  field 
tested  were  contract  developed,  an.d  one  of  tlioso,  fiR-l?99,  a polyvinyl  acetate 
product,  warj  .selected  as  havinc  the  (jroaLost  potential  for  satisfj’ing  the  military 
requirements . 
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JO.  ADSTRACT  fConNnuo  on  rovoroa  mido  II  naooaaon’  mnd  Idmnllly  by  Alock  numOoO 

Data  were  collected  by  the  U.  S.  Army  Engineer  Waterways  Experiment  Station  to 
characterize  sections  of  gravel  roods  and  courses  selected  for  testing  in  con- 
junction with  a U.  S.  Department  of  Agriculture,  Forest  Service,  tire  wear- 
rood  deterioration  study.  The  primary  purpose  of  the  study  reported  herein 
was  to  describe,  in  quantitative  terms,  the  surface  and  subgradc  of  selected 
sections  of  unpaved  road  surfaces  in  Oregon  representative  of  logging  roods  in 
the  western  United  States.  Data  also  were  collected  on  one  road  and  one  test 
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Tiic-  }rl!'’a  ijitciinity  of  .nircraft  opcrutio;is  on  r.or.t  niJittiiy  airfields  prohibits  the 
closln,~  of  runv.niy.n  and  otliei’  pavuuent  facilities  in  order  to  r.icas\u-e  tlio  "liysical 
pro])crticE  of  the  paveisont  iiccer-.rarj'  to  cvaluai  e its  load-carr,\  ;lnc  capal'Mity . Also, 
tho  nitroduction  of  nultiplo-vdicel  iicsAy  f;onr  load  aircraft  oonpled  v.'it)i  an  ever  in- 
croa.sinc  nu.'sljcr  of  airci-aft  operations  )ias  0’!i])basir.cd  the  need  to  Inov.’  Uie  lotel- 
carj-yin;;  capability  of  ravcKont  .ntructui'e.s  ajil  to  mticipatc  futui’c  pavejnciit  perfor- 
tiiaace.  liie  o'e.Iec'ive  ol‘  this  nlu;ly  v;as  to  develop  tccbni'piin;;  for  dci.en". hiation  of 
tile  required  pavement  proparties  tii.at  can  Vc  used  v.'itli  a ninii'.um  of  pavc;;;ei.t  destruc- 
tiou  rnd  interferonce-  vitli  aircraft  operations.  As  a resnl  t of  tills  si-iily',  a sr:all 
npertiu-c  tcciinique  ras  develoiieJ  to  obtain  C'.ISK  streuptli  values  luid  samples  user  to 
dcteiTinie  iiioisturo,  dcn.si.ty,  and  ela.s.sification  of  tiie  jiaveeient  conixi-icntc  ti.ro'jcli  -n 
C-ln.-dian.  core  lioli  . ii-juipreiit  mid  ic.st  proecdiu'cs  arc  disonsr-ed.  liat.a  obl'-.incd  liy 
the  .sin:J-l  ajiei  tiu'o  li.etliod  are  siioi.n  to  api-oe  v.-ell  vritli  tlioro  olitaineJ  b.v  ecnvor.ti Dirnl 
test  procedure.s.  A iuicl<  nr  donsit.v'  device  develojxid  especially  for  tins  study  is 
discu.sse-d,  and  data  are  presented  tiiat  .sliae  tlio  accuracy  of  tiic  device.  Vjie  .snail 
ap''rLuri  tests  were  not  found  to  liavc  a time  alvantacc,  but  ir-mpov.vr  j-equli'en-.c-Tits 
v’crc  out  in  lialf.  'llic  tests  cu'  lie  performed  licl.-ecen  traffic  oixirutlons , and  most 
aircraft  c;m  operate  over  Uic  6-in.-di:U!i  core  hole. 

KKYWOKDS : Airfields;  Nondestr .ictive.  tests;  Nuclear  equipment; 

Pavements;  Test  procedures 
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This  paper  is  puulishea 
in  "Journal,  Engineering  Division,  American 
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II.  abstract 

The  application  of  the  concentration  index  to  pavements  is  illustrated.  The 
problem  with  the  design  of  flexible  airfield  pavements  under  newly  developed  jumbo-jet 
aircraft,  as  represented  by  the  Lockheed  C-5A  Galaxy  and  the  Boeing  7^*7,  is  discussed, 
yncse  aircraft  are  equipped  with  extremely  large  multiple-wheel  landing  gears.  It  is 
found  t.hat  the  C3R  design  equation  can  be  used  to  evaluate  the  pavement  performance 
under  multiple-wheel  gear  assemblies  when  the  equivalent  single-wheel  load  (ESilL)  is 
computed  by  the  concentration  index  method.  The  concentration  index  is  approximately 
independent  of  the  load,  gear  configuration,  and  soil  strength  but  varies  with  the 
depth. 
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12.  .POH.OHIHC  MI1.ITARV  ACTIVITY 

U.  S.  Anny  Materiel  Command 
Washington,  D.  C. 


During  previous  evaluations  of  the  standard  X1D9  medium-duty  mat,  results  indicated 
the  mat.  would  not  meet  the  hook-inpact  or  the  cable  roll-over  requirements  stipulated 
in  the  Q^a.  Inasmuch  as  the  Qia  allows  a special  surfacing  in  the  cable  roll-over  and 
hook-impact  areas,  the  standard  XM19  was  modified  by  using  a thicker  top  skin  and  this 
cat  was  designated  K'0.9  special  surfacing.  In  conjunction  with  the  top  skin  modifi- 
cation, the  overlap  and  xuiderlap  edge  members  wore  changed  to  connectors  capable  of  l 
being  waterproof.  The  mat  was  traffic  tested  with  the  medium-duty  loading  consisting  i 
of  a 25,000-lb  single-wheel  load  (SWL)  on  a tire  inflated  to  250-psi  pressure.  The  j 
mat  supported  In  excess  of  1600  coverages  of  the  above  loading  on  a subgrade  strength 
of  U CBH,  which  Is  60  percent  over  the  required  coverages.  The  coefficients  of  fric- 
tion of  the  mat  surface  of  0.62  di'y  and  0.53  wet  ore  within  the  acceptable  limits  of 
0.6o  and  0.1*0  as  specified  by  the  Q;!®.  The  mats  sustained  the  required  20  passes  of 
the  load  cart  in  the  some  spot  over  a l-in.-diom  arresting  cable  without  fracture  of 
the  top  mat  surface.  The  blast  test  of  300  F for  5 sec  did  not  cause  any  detrimental 
effects,  and  the  mats  succecsfully  passed  laboratory  tests  for  compressive,  shear,  and 
flexural  strength.  The  hook- Impact  test,  consisting  of  two  impacts  on  the  same  spot 
without  fracture  of  the  mat  surface,  was  also  successfully  passed.  The  placing  rate 
of  over  500  sq  ft  per  man-hour  was  in  excess  of  the  QKR  requirement  of  250  oq  ft  per 
man-hour  essential  and  1*00  sq  ft  per  man-hour  desired. 

KEYWORDS:  Medium  duty  landing  mats;  Traffic  tests;  [XM19  landing  mat] 
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Yhi  s re)iort  i'i>cordr  tii'i  construction  of  a l/P-nule  i r r.l  ranc-enrei ojicd  .noi  1 Ivyor 
(!-2'SI.)  rood  coiicti'uctcd  at  Fori  iioocl,  To.';ar , in  Kny  ip?'’.  The  rorid  ■.•.•as  conrtr.ictv  i 
to  field  tori  i-XSL  cojir't.j'ucti  oi  technique.':  and  to  j rov.ide  a .’rd;;!,-  rord  for  long- 
term eval  u-d  ion.  T!in  fl-fl-vi  do  , 10- 3 n . - thi cV.  :HS1.  v.i’i'.  cionKtructod  by  pernoi-ur.  1 
Ml'  F3 '.•f.ctoi'at.c  of  I'aci  liticr:  Kngi  neoii  nr.,  Fert  Ilrod,  Texa.';.  Tlic  location  v.a.'i 
Citfu'  Cjudi  if  ad  I etv.'ooii  0 j pci'as  Cow  Koad  and  U.  .S.  Ilinh'.-.'ay  100.  The  soil  v;-';.': 
a f'rnvclly  nandy  clay  (Ci.)  vj  th  .no.'.ic;  sli  il.  it  k:i:;  racnpruilated  ualnp.  i 
polycthyl one  a."  tlic  lov:,"-  ne.iibrane  and  rioiyrropyiepe  fabric  and  ff— Hi  cmul.nifica 
n.'ii’balt  a.:  i ho  urp'o-  r v r.l '‘rane . Con.-.truo.tj on  of  itic  If  .CI.  required  l45>  worViinp  I. curs 
and  ua..a  coriu'lct.od  in  a C-day  yioriod.  A .nurl'acin!'  of  P .in.  0I'  lioi-iiii>;  p.r.;  Iinli.ic 
concrete  war,  imuallt  d on  t!ie  If’CL  by  a lixial  contrantoi'.  Kiplit-foot-vide  .nliouli)  ' r.n 
were  constructed,  and  nn  a::p!ialtic  tii  tiitle- surface  l.icatio'iit  was  a}')diod.  T!ie  tcinl 
mat'.'i'i al s , equipKoni.  iiaaf/-,  fuid  conct.:iiet3 ('n  lalior  cost  for  tlic  II. -.i.  road  with 
a.silialt  siirf.''ci!'(;  w:ir>  The  MK3I.  road  v.'as  opened  I0  trafiic  in  June  l^jlP. 

A traffic  count  in  July  1970  indic.aicd  an  avera(,ic  daily  U-sapo  of  .1793  veliicloc, 
of  which  ?4.5  percent  v.'a.n  truck  tr.affic  '.nn  75-9  pioi'cent  was  p.a.s.'.enp.er  car  tra.'fic. 
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11.  Supplementary  notes  ji2.  sponsoring  militart  activity  , 

IU.  S.  Array  liatcriel  Command  ! 

V.’ashinfTton,  D.  C.  | 

Ijr^OSTNAC^T  ' : 

7ho  inv.'stifation  reported  herein  was  conducted  to  evaluate  en  extruded  aluminum  alloy  landing  mat  (desig- 
r.atpd  K:iUi)  suppli'^d  T’y  Chcs.ical  Company,  Madison,  111.  The  mat,  which  was  fabricated  by  the  Wash- 

ir..;tor.  Al-irinu,-:.  Company  (V.'ACO)  , Snterpri.se,  Ala.  (Dck's  subcentract'-r) , is  a one-piece  extrusion  fabricated 
from  COC-I  aluminam  alloy  artificially  aged  to  the  t6  condition.  The  ir.at  panels  arc  Interlocked  along  the 
sides  by  n.cr.n.s  of  a hinge-type  connector,  the  components  of  which  are  an  integral  part  of  tlie  basic  panel  ex- 
trusion. -Tnd  connectors,  composed  of  extruded  connectors  welded  to  the  basic  panel,  consist  of  ovei'lap  and 
uhdeiTap  sections  secured  by  a locking  bar  after  individu.al  panels  have  been  loir.cd  togcU.cr.  The  nat  men- 
tioned iicrein  was  different  from  modified  !-Kl»-P  m.it  in  that  the  insert  tubes  in  the  ends  of  tlie  m.at  panels 
were  shortened  by  3/U  in.  and  the  amount  of  metal  was  increased  in  the  area  of  the  female  connector  and 
first  ca'/ity  adjacent  to  this  connector.  Tiic  .sictliod  of  attr.chir.g  the  end  connectors  to  the  mat  extrusion 
was  ch.ai.gcd  to  allow  improved  welds  at  the  corners.  The  investigation  consisted  of  traffic,  skid,  cable 
roll-ov.'f  , and  laboratory  tests  to  obt.ain  Information  for  use  in  evaluating  tt-.e  XKI65  mat  for  potential  use 
as  a me.liaa-duty  larding  n.at.  Tlic  t.mt  data  reported  herein  were  cvalunted  ngninst  the  criterin  for  medium- 
duty  mat  ns  estahlir.licd  in  Uv  ntvi.scd  Qual  i Inti  ve  f-hteriei  Bequirement  (OHi).  Traffic  tests  were  conducted 
with  til.’  mat  }ilac.'d  on  n prepnred  .subgrntle  nml  trafi'icked  wllli  n rolling  wlieel  load  simulating  actual  air- 

craa  op..rations.  Tli.’  Bll'Vl  mat,  which  weiglis  li.O  lb  jv-r  square  fool  of  j.lnclng  nr.-a,  was  ni-.scmbled  at  an 

...v.  JM,..'  rate  of  r.OO  s.q  ft  ptr  mnn-heur.  The  mat's  w.'lght  cxcee.ls  th.'  mnximum  RfCl  requirement  for  n im-dlum- 
du'.y  mat  c.f  Jt.O  It.  ])or  square  foot  of  }ilnclng  area,  atul  th*'  j.lnclng  rat.?  exc.'.ais  th.'  minin.um  QMK  rcqulrcm..'nt 
of  sq  ft  i>er  ma",-hnur.  The  troffic  tests  wore  conducted  using  tno  I'-UC  lo-ading,,  whicli  consists  of  a 
single-wheel  load  of  TO, 000  lb  with  n tire  inflntlon  pressure  of  nO  p.sl , on  a mat-surfaced  .subgrad.?  with  a 
rated  Cl’d  of  U.l.  Results  of  this  investigation  revenled  that  the  XKIOQ  mat  sustained  9I1O  actunl  coverages 
of  traffic  on  a subgrade  wltii  a rated  Ci'R  of  L.l,  whicli  1s  equivalent  to  fl‘gO  coverage.s  on  a L-CPH  subgnide. 
This  falls  short  of  the  fj-ai  1000-covcrngo  requirement  for  a medlusi-duty  mat  on  a 4-Cl'K  subgrndo.  Tlic  aver- 
a.-c  co..fficl.'ht5  of  friction  obtained  from  skid  tests  on  wet  nnd  dry  surfaces  won’  O.US  and  0.5P,  respec- 
tiv.-ly.  These  co.-’ffici.*i.ts  of  friction  fall  within  the  QMii  range  of  O.h  to  O.O.  The  tiro  wear  resulting 
fnmi  skidding  on  bntli  tl.e  wet  anti  diq/  surfaces  was  not  considered  significant.  Cable  roll-ovor  tests  were 

conducted  on  the  Xl.ilflO  mat  with  a l-ln.-dlam  arresting  cable  trafficked  with  a PUiCKiCi-lb  .slng.lo-wheel  load 

with  a tire  inflated  to  ?b0  pel.  Results  indicated  that  the  mat  will  withstand  the  TO  coble  roll-overs 

KEYWORDS:  Aluminum  landing  mats;  Extrusions  (Landing  mats);  Traffic 

_ tests;  [Dow  Inndini'.  mats:  XM18Q  J.Tndino  mat  1 _ ,1 
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Till-  objective  of  iliir  .rtudy  v.’.ar.  tu  doveloj'  a design  .sy.'-.tom  for  the  n.ie  of 
cberaically  stabilized  soil  layer.-,  in  pavement  .systems  in  tlie  tboatei-  of 
operation.-..  Stab j 1 iz-'ition  viitli  only  (lortluni  eemon'.,  lime,  an!  bituminous 
inateriul.s  was  con.'-.idered . Ti;u  concept.^  of  constiuetl  on  v;ore  envirioue.!  in 
tbc  develop-.'ient  of  thi.s  sy.rtem:  cxiicdient  and  nonexj/edient  conctniction. 

The  fcirmor  involves  that  type  of  con.siructlcui  elToj-l,  to  be  u.ret  i.-lieii  eori- 
.sti-«iritf;  of  time,  material  , equiiiwent,  etc , , dictate  a minimii.ation  of 
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20.  ABSTIU'jCT  (Continued). 

efforts.  The  latter  involves  that  type  of  construction  to  be  used  when 
constraints  are  less  severe  but  construction  effort  -would  be  less  than  what 
-.■.-ould  be  termed  deliberate.  Procedures  are  provided  for  selection  of  type 
and  quantity  of  stabilization  based  on  soil  type.  Thickness  design  curves 
ere  presented  for  design  of  single-  and  miiltiple-layer  pavements  for  both 
roads  and  airfields. 
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j:i  l!if  op  depi-e.";;ion.j  and  T-uttjn;;,  i-aveljiij;  of  Joints,  and  deterioration 

Prom  Pii'-l  spi  J.l.-if'.c . ’J'iic  stU'Jy  was  aecomplisliod  by  ))erPui-miny,  paveiiw-nt  Pielii 
studios  am!  sunip.l  inp.  at  iO  celeotod  aji'Pields  and  .'■uii joet, inp.  the  tar-rubboi- 
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is  dependent  uiJOn  the  quality  of  construction  and  subsequent  usage  of  the  pave- 
ment. (2)  Spillage  of  JT-U  fuel  is  more  detrimental  than  spillage  of  hydi'au- 
lic  fluid  on  a short-term  basis.  (3)  Use  of  heavy  rubber-tired  rollers  appearL 
to  be  necessary  dui'ing  consti'uction  in  order  to  meet  the  density  requireiiients . 
(4)  far-rubber  pavements  perfonii  poorly  in  all  areas  adjacent  to  refueling 
pits.  Based  on  these  findings  the  follov;ing  recommendations  are  considered 
v.arraated:  (1)  Very  strict  quality  control  should  be  enforced  during  con- 

struction so  that  proper  densities  can  be  obtained.  (2)  Portland  cement  con- 
crete pavements  should  be  placed  in  refueling  pit  areas  instead  of  tar-rubber 
pavements.  (3)  Tar-rubber  pavements  should  not  be  used  in  aircraft  parking 
areas  vhere  tire  contact  area  is  less  than  100  sq  in.  and  tire  pressure  is 
greater  than  2^0  psi.  (4)  Better  housekeeping  rules  should  be  enforced  to 
minimize  deterioration  from  fuel  spilxagc. 
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inruiL  facilities  iiavc  been  construol  od.  T)iir.  I'eport.  dor.cribtjs  ttieso  facil- 
ities and  prer.onts  a susi;r.ary  of  tlie  load-carryiny,  capacities  of  pavement 
facilities  at  the  airfield. 
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This  paper  presents  a summary  of  five  strength  tests  currently  being  used  to 
evaluate  the  load-carrying  capability  of  concrete  pavements.  The  five  tests 
were  those  for  compression,  flexure,  splitting  tensile,  ring  tensile,  and 
shearing.  The  strength  relationships  between  these  tests  reported  by  13 
sources  are  presented.  A combined  analysis  was  performed  on  test  rcsui.ts 
from  3640  concrete  samples  and  the  following  relationships  were  developed: 
compressive  strength  = 10.02  (flexural  strength)  - 2123;  compressive 
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anu  equipment.  Literature  reviews  were  conducted,  and  visits  were  made  to  con- 
struction sites  and  equipment  manufacturers.  Observations  and  mcaauroi:ients 
were  taken  on  pavements  constructed  with  slip- form  pavers,  and  a separate  re- 
port wiis  -written  on  the  results.  As  a result  of  the  overall  investi(tat;on, 

(Coat  i nui-ii ) 

DD  1473  COITION  or  I NOV  6S  IS  oesoLCTE  Unclassified 


SECUniTV  CLASSiriCATION  Or  THIS  PACE  f»^^n  0»l»  Knirirdt 


'0.  AV-i'-'i'U.W.'i'  (Coiit  i i.ikhI  ) . 

i L i- ii"  I .'■•.L  v;  I I ! '..i,-  ri/V  i I’.i'tl  t.o  ullov  u:  of 

, •■  '.:i  for  i rt  I Mini  cii.n'iit  oonori-t.i.'  j)rj.v.'nc'.'nl.;;  in  nirficjcl  connlruct.  ion 

iti.i  to  ii.i'j  ni'tlio'ii’.  I'f  ti.'  tin;'  for  nua]  i t y of  ir.i>;turo  niri  for  (ictc.nnini:.(' 

• ixia;',  Vao  I’l.-oultr  of  the  in  Vo.:  t i y,  at  ion  u'l;;o  lii'i  icato  Diiit  f;uide 

ii'orifiofiti'iad  i-.’K.nild  be  cnan<,<Mi  i>y  oliiiiinatinti  reqiiirci.ioiit.'.  for  nj'ocifjc 
jqu  1 ..:::oi;t  aati  ::K-i,!:odn  .and  iidiiini;  la-qu  i iai.'.ontn  for  an  end  product  baaed  on 
r.etiioda  of  te.atinj  to  doleri;.ine  tiio  quality  of  t)iC  ejid  pj-oduct. 


lino  I i I'i  oil 

SCCUMI  T V Ci  I |<‘.  AllON  0»  1 »♦!%  f*AOr  f)ittw 

REPORT  DOCUMENTATION  PAGE  nw  onrrtw 

I.  NLI'onI  NUMIII  n U OOVT  ACCtiSION  NO.  3 RECIPI I N T'S  C AT  ALOCi  MIIMilL  n 


I I . NL  POn  T NUMIII  n 


Mi  r.ocl  l.-ineoun  Papt-r  S-75-9 


AD  A009  738 


14.  'XtlLC  <mtd  SubiHIr) 


5.  TV»»E  OF  NEPORT  4 PERIOD  COVI  RED 


KKGINF.EH  DESIGN  TEST  OF  DOM’S  4-  BY  4-1/2-FT 
TRUSS  OTiB  llEAVY-DOTY  LANDING  MAT 


Final  report 


1 7.  AUTHORt«> 


Carroll  Jl  Smith 


6 PERFORMING  QRC.  REPORT  NUMBER 


I t.  CONTRACT  OR  GRANT  NUMBERrO 


».  pr«FOH«.....OHOAN, ZAT, ON  NAMF  and  ADDRESS  ^ 10.  PROGR^AM^E^L^EMENrj^^^^^^^ 

U.  S.  Array  Engineer  Waterways  Experiment  Station 

Soils  and  Pavements  Laboratory  Project  No.  1T162’ 12A528 

P.  0.  Box  631,  Vicksburg,  Miss.  39180  Task  04 

11.  CONTROLLING  OFFICE  name  AND  ADDRESS  REPORT  DATE 

U.  S.  Array  Materiel  Command  April  1975 

5001  Eisenhower  Avenue  u number  of  paces 

Alexandria,  Va.  22304  89 

'14.  MOn’iTOHING  agency  name  8 AOORESSf  1 ( ««I(T  >enl  Rnm  Comtollirtt  Otiirr)  IS  SECURIT  Y CL  ASS.  Co(  (hla  .•perl) 


April  1975 

13  NUMBER  OF  PACES 

69 


Unclassified 


is«.  occl  assificationTdownghading 
SCHEDULE 


16.  DISTRIBUTION  STATEMENT  (ol  Ihia  Rapptlj 


Approved  for  public  release;  distribution  unlimited. 


17^  DISTRIBUTION  STATEMENT  (ol  iht  sbglrbcl  entored  In  Block  20,  If  dl/lgrent  from  Roporl) 


[18  supplementary  notes 


IS.  KEY  WORDS  (Continue  rrvorge  gtdo  If  noceggmty  #od  by  block  number) 

Aluminum  landing  mats 
Heavy-duty  landing  mats 
Traffic  tests 
[Dow  landing  mats] 

20.  abstract  (Continuo  on  roeoreo  side  If  noceeeery  ottd  Idmiify  by  blork  numbof) 

The  investigation  reported  herein  was  conducted  to  evaluate  an  extruded 
truss  web  aluminum  alloy  landing  mat  that  is  designed,  extruded,  and  supplied 
by  tlio  Dow  Chemical  Company,  Midland,  Mich.  The  mat  is  a 4-  by  4-l/2-ft, 
multihollow  606I-T6  aluminum  alloy  pnnel  which  consists  of  two  24-in. -wide 
extrusions  welded  together  to  form  the  4-ft  width.  The  mat  has  an  average 
weight  of  6.28  lb  per  square  foot  of  placing  area  including  antiskid  compound. 

(Continued) 
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1 :.’0.  AIa'i'I'KACT  (C'inl.i  nu'.'i])  . 

' 7h'.’  p-'.iic  t r.  inf.frloi:k  iiloiif;'  th''  by  n‘!iuu:  of  a bi  ii/-;c -tyj)c;  ronnootor,  tiio 

(■»  ti',:;  of  whicli  ari-  iiitcfp'a  l jmrl  a of  tiio  ixiriol  cxtiMj^  ion;? . Short  inbc;? 

; in;.iib-  lur;'.  uf  tliL'  jiam’],  exLru;;io!i  arc  inserted  into  each 

' cav  :y  and  weld.M!  H with  t)ie  end;',  of  tlic  extrun  Ion.  Extruded  end  connector: 
;uv  t.h.'.i  \a  lih.-d  t.o  Llie  end",  of  t.lie  extrii;?ion  to  cojnnioto  the  mat  panel.  A 
c.y;.:''  ' ri  eei  l -t.yj)'’  end  coiini -e I ei-  Injr  .".ocurt:r;  ttie  end  Jointc  after  individual 
});c.ie!..  liavc  heen  pj;;c''d  tojy  tb  t.  One--!i.ai  f of  tlic  contrnetcrd  ri.at  quan'ity  w.a.r; 
f:d,./i  c.ated  Py  h.-.at  t.'.v.al.  M i;',  Uie  cxtininiot>3  tiut  not  URinp,  until  after  t)ie  mat 
ec.'it.oi'  we]d  near',  v.’fi:;  made.  '/’’he  I'emaining  )).alf  of  t)je  mat  wu::.  fubi'icatcd  by 
tiot'n  '..■at  ti-e.atin;;  .and  lari  nf,  tlie  extrusion:?  before  any  we.lding  was  done. 

'i’he  by  )<-l/?-ft  tru:  ■ v.'eb  mat  vne,  developed  and  docip.ncd  to  raininixe 
till'  bo-.;  wa'..'o  prot)lc-r,i  nssocialed  w’itii  the  C-5A  aircraft  and  ai.oo  to  satisfy  the 
crit.-;-;:.  for  lu'avy-duty  r.i.at  as  established  in  t.he  revi'^ed  Qu.-ili tativo  Materiel 
Henui i-i-m.’i'ji,  (Q.”i\).  The  investi  jnation  eonsi.sted  of  tr;./fic  tests  to  obt.uin 
infon  atioii  for  ?»so  in  evui u.-itinc  tlie  !)-  by  !|--l/2-ft  truss  web  mat. 

Ti'affic  tcr.tr?  were  condr’cted  with  the  mat  placed  on  n prepared  subgrnde 
and  tj-.'jff  i oiied  '..'i  th  a rollii'i"  \;hoel  >eri(l  simulatiiiG  actual  aircraft  operations. 
The  tentr?  Were  conducted  with  a slngle-w’ir-ol  lo.ad  of  SO, 000  lb  i;itli  a tire 
i n f ; i on  pi'cr/rxirc.  of  f'50  p:?i  on  a mat-nur  f'ciCed  auberade  with  a CBK  of  3.7  for 
'noth  it.em  1 (;;;at  orietited  \.'ith  internal  ribs  and  center  weld  scam  pcrpendicula;- 
to  tiu  direction  of  traffic;  i.c.,  Do\:  2-  by  9-ft  mat  standard  lay  pattern) 
and  icon  2 (m:d.  oriented  wl-t.h  ini.ernal  ribs  and  center  weld  scan  parallel  to 
tiic  di j’cetion  of  traffic;  i.c.,  X1-U9  mat  _ny  pattern).  A row  of  mat  movement 
reci.rietors  was  ijluced  across  tlie  test  section  -width  of  item  1.  The  test 
qurintitics  of  mat,  which  -were  aped  before  and  after  wolainp  were  Irept  separate 
in  items  1 and  2 in  order  to  evaluai.e  ea,?)i  tyqie  mat.  Vlhile  static  deflections 
were  'Doinp.  meas-,ired  with  the  t.r-st  wheel  on  item  2 prior  to  tr.affic,  small  V- 
sh.ajicd  dimple.",  were  formed  on  ccvc-ral  panels.  Due  to  the  premature  failure  of 
the  pnne-.l  ,s  in  itC/Vi  2,  the  wa(,  w.-ts  rc/:iOV<.'d  frOiti  item  2 ond  the  individual 
panel;-.  Vicci.-  rot.nle’d  90  dep,  ni.d  punec-d  in  a lay  pji'.ttcrn  with  the  nat.'s  internal 
rib,'.?  ;uid  ctnt.f'i’  -weld  seni.i  pi  i-i>end  Leul  ar  to  the  direction  of  traffic.  The  i.'.at 
..,b]/-d  fit  :in  avern.p.e  ^.T.-icinp  rate  of  355  SQ  ft  per  man-hour  for  itoE.;?  1 
and  2,  w'.i;;-;,  (.xin  edc.  nlulrwEn  Q’.IR  j-e,p,ii rciiient  of  150  sq  ft.  per  ir.u-hour . 

H'-:-.ul  1.:;  of  this  i i.ve.st ; p,;-,ti  ( n indicated  tliat  the  H-  by  li-l/2-ft  truss  web  mat 
0.1  ite.r.-.  1 and  susl,.-!  I neii  PP50  tui.i  600  act  ual  covernpe:; , respectivi'ly.  These 
iii'e  e;)-,-.i  vnlciit  to  170-t  and  5!il  covi'rap.es  on  a li-CBit  subpradc  for  it '•■ms  1 and  2, 
re;-,pectively . Therefore,  the  m-it  in  itoEi  1 (Dow  standard  lay  pattern)  meets 
* '•  l.e  QM’.l  1 000-covcr.'ip,e  reqiii  r>'rrient  for  a he.'n'y-uuty  lint  on  a )(-CBK  f.ubgrade. 
i 'iiiC  mat  movemen!  res Li'i c tors  -v.'ill  sustain  without  damap,e  in  excess  of  600 
eov/'riip.e,".  of  the  hcaiy-duty  .load  I up,.  Aginp,  the  mat  either  before  or  after 
weldine  ii.ac!  no  sip.nificant  iiiflucnco  on  tlie  pcrfonnance  of  the  mat. 
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14.  A4«*'*(t 

A study  vas  conducted  on  the  use  of  porous  friction  courses  for  airport  pavementej 
as  a means  of  alleviating  aircraft  hydroplaning.  The  study  consisted  of  a laboratory 
investigation  of  material  requirements  and  mix  design  development  and  of  a field  atudo' 
of  construction  control,  construction  processes,  and  long-term  performance.  The  lab- 
oratory results  vere  correlated  where  possible  with  the  field  observations.  Satis- 
factory performance  was  obtained  with  a recommended  aggregate  gradation.  A procedure 
for  obtaining  a design  asphalt  content  and  field  nixing  temperature,  minlnun  field 
permeability  values,  and  laboratory  procedures  for  conducting  permeability  tests  ore 
described.  A standard  recommended  guide  specification  is  also  Included  as  an  appen- 
dix. , 
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Kubf^rado  during  a P-montli  period  wliilc  natural  and  simulatcil  rainfall  of  over 
IjO  in.  was  recorded.  No  r.trud.ural  mat  failures  occurred;  however,  the  seals 
leaked  durin;.;  the  test.  When  removed,  the  seals  were  torn,  dislodged,  and 
distorted,  for  better  seal  performance,  the  seal  material  r.hould  be  more 
durable  and  resilient.  The  seals  should  be  positively  attached  to  the  mat  and 
less  susceptible  to  distortion. 
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Ttiis  iiliuiy  Vat;  couducted  Lo  evaluate  the  cl'l'ecl  i vem'ss  of  a mei-.iltrime-cncfised 
.‘;r  i 1 .l..'iyer  (inv'.L)  base  course  uador  neii i ui:!-(iuiy  .'l.andjng  mat  vlu'ii  subjected  to 
C-lli]  aircraft  loading.  A special  tost  r.ection  cons.i  r.ii  iig  of  five  tost  i toms 
war;  coiistrui-Lcd  ;uid  trafricked.  Test  i ti'ri  .1  was  coniGdorod  a control  itoin  and 
was.  der.igtiod  to  support  about  1000  cove)'ai'cs.  of  llio  C-i!ii  aii'craft  lofidir.c.  Tiie 
dos.ipn  \.'as  based  on  cur  I'en  t criteri  a for  airficids  s.urfuced  vitli  Iricdi  uiii-iJuty 
mats.  Iteti;;  t'-t  were  dosiGiicd  for  Mlt'd.  base  courses  of  reduced  tlii  cKnc.'iSo.s . 
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20.  ABSTRACT  (continued). 

The  test  included  both  XMl8  and  XM19  mats.  The  test  section  vas  subjected  to 
traffic  with  one  main  gear  of  a C-lUl  aircraft  assembly  (twin-tandem  assembly) 
loaded  to  lli6,000  lb.  The  membranes  used  for  encapsulation  of  the  base  soil 
failed  after  about  i^OO  coverages  of  the  test  load.  However,  traffic  was  con- 
tinued until  complete  failure  of  all  test  items.  The  analysis  of  data  obtained 
in  this  investigation  indicated  the  following:  (a)  The  performance  of  the  con- 

trol test  item  was  in  reasonable  agreement  with  the  existing  thickness  crite- 
ria. (b)  The  use  of  a high-strength  MESL  base  under  mat  resulted  in  a reduc- 
tion in  thickness  of  the  strengthening  layer  required  between  the  subgrade  and 
mat,  as  determined  by  current  criteria.  The  indicated  thickness  reduction  for 
the  C-lUl  aircraft  loading  on  medium-duty  mat  is  about  25  percent.  (c)  Tlie 
membranes  used  for  encapsulation  did  n^t  have  sufficient  strength  to  sustain 
the  high  deflections  and  deformation  which  developed  under  the  C-lhl  aircraft 
loading  for  the  full  service  life  of  the  landing  mat. 
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20.  ABSTRACT  (Continued). 

ground,  which  in  turn  reduced  the  forces  transmitted  to  the  mat  anchors.  Test 
data  indicaued  that  the  anchors  would  have  to  resist  greater  forces  produced 
by  aircraft  braking  when  the  mats  were  placed  on  membrane  than  when  the  mats 
were  placed  directly  on  soil. 
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20.  Abstract  (Continued). 

are  presented  in  their  entirety  as  appendixes  in  this  report.  The  lessons 
learned  that  may  be  helpful  in  futurq  installations  of  landinf;  mat  over 
asphalt  are  listed  in  the  form  of  conclusions  and  recommendations . It  is  con- 
cluded that  (a)  the  use  of  landing  mats  over  an  existing  deteriorating  asphaltic 
pavement  will  upgrade  the  pavement,  and  prevent  foreign  object  damage  to  aircraft 
from  occurring;  (b)  if  there  are  no  major  potholes  or  "birJbaths"  in  the  runway 
that  would  cause  mat  bridging,  it  is  not  necessary  to  place  a leveling  course  of 
sand  between  the  mat  and  the  pavement;  (c)  if  the  deteriorated  condition  and 
roughness  of  the  field  dictate  that  a leveling  soil  course  is  required,  a light- 
weight membrane  should  be  placed  between  the  soil  and  the  landing  mat  to  prevent 
pumping  of  the  soil  at  the  mat  joints  during  Inclement  weather;  and  (d)  plank- 
type  landing  mat,  such  as  the  XlilS,  can  sustain  horizontal  movement  in  the 
direction  of  aircraft  landings  in  the  magnitude  of  approximately  25  in.  without 
structural  mat  damage  or  adverse  effects  to  the  runway  complex;  however,  based 
on  similar  exercises,  a detrimental  bow  wave  may  develop  if  joints  become 
tightly  closed  and  this  should  be  closely  observed  and  avoided.  This  report 
should  prove  to  be  a valuable  aid  to  a unit  commander  responsible  for  installa- 
tion of  landing  mat  over  asphalt  pavement. 
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